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reasons for the FINE PERFORMANCE 
of the Type VU Steam Generator. . . 











In the selection of steam generating equipment 
most considerations, even price, are, in the last 
analysis, secondary to efficient, dependable perform- 
ance and trouble-free operation. In order to assure 
these results the means to obtain them must be in- 
herent in the design and construction of the equip- 
ment. 


The C-E Steam Generator, Type VU, has numer- 
ous superior design and construction features which 
largely account for the exceptional results being ob- 
tained with this unit in all parts of the country. 
Among the more important of these features, which 
merit special consideration on the part of prospec- 
tive purchasers of steam generating equipment, are 
the following: 


q All of the most active steam producing tubes enter 
the drum above the normal water line and discharge 
equally across the full length of the drum. This ar- 
rangement reduces turbulence to a minimum and 
permits effective utilization of the entire steam re- 
lease space. Dry steam and a stabilized water level 
are thus assured even under adverse conditions. 


@ All pressure parts of the boiler and furnace are sus- 
pended from an independent steel structure which 
also acts as a frame for the steel casing. Destruc- 
tive stresses and sealing problems resulting from ex- 
pansion are entirely eliminated by this design. 


3 The location and type of burners assure effective 
utilization of the furnace volume. Products of com- 
bustion enter the tube bank uniformly across its full 
width at low velocity, a condition requisite to the 
prevention of troublesome slag formation on the 
tubes in this area. 


4 The unit is of symmetric design in that any section 
taken through the unit from front to rear is similar 
to any other section so taken. The gases enter the 
tube bank at a practically constant temperature 
across the width of the unit and this characteristic 
is maintained as they progress over the remaining 
heating surfaces. The conventional baffle arrange- 
ment used directs the gases effectively over the 
entire heating surface assuring maximum heat ab- 
sorption with minimum draft loss: 





5 The furnace walls are fully protected with water 
walls backed up successively with special tile, re- 
fractory and insulation with an outer covering of 
steel panels. This is a distinctly superior type of 
wall construction. It minimizes heat loss from 
radiation and air infiltration and virtually eliminates 
setting maintenance. 


6 A double row of water screen tubes with the side 
wall circulators below them provide a relatively 
cool zone in which the descending ash particles are 
converted into a dry, easily-removable state. There 
is no ash accumulation in the combustion zone. 


A brief study of the sectional view above will pro- 
vide a better appreciation of these features and the 
many others which distinguish the VU Generator. 


The VU Steam Generator is available in units rang- 
ing from 30,000 to 250,000 lb of steam per hr capacity. 
We invite your comparative analysis of its fea- 
tures, point for point, with any equip 
ment of the same general type now on 
the market. We shall be pleased to 
send you a catalog and supply any addi- CE 
tional data desired. 
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EDITORIAL 





Licensing of Patents 


Pending before Congress is the McFarlane Bill, HR- 
9259, pertaining to the licensing of patents. This, in 
effect, would shorten the exclusive life of a patent to the 
patentee from seventeen to three years by making it 
incumbent on the Commissioner of Patents, after three 
years from date of issuance, to grant a license for its 
use, under royalty, to any responsible applicant. The 
royalty, not to be less than one-half of one per cent nor 
more than ten per cent of the cost of manufacturing the 
article or device, would be fixed by the Commissioner of 
Patents. Appeals from his decision, as to amount of 
royalty only, could be made to a Board of Appeals, to be 
appointed by the President, or from that body to a 
District Court. 

The purpose of the bill is to supplement the anti- 
trust laws by making it impossible for an individual or 
manufacturer to enjoy a monopoly of any design or device 
in a competitive field and to prevent the shelving or 
non-use of patents. Actually it would be inimical to 
our patent system and discourage inventive genius. 

In establishing the American patent system many 
years ago our forefathers recognized that progress could 
be stimulated by making possible a reward to those who 
could produce new and useful inventions. Seventeen 
years was fixed as a reasonable period in which to per- 
fect an invention, to finance it and to build up a con- 
sumer demand, with an opportunity thus to recompense 
the inventor for expenses incurred in development and 
to permit a profit commensurate with the effort involved. 
Practically all foreign countries have followed this course, 
the periods ranging from fifteen to twenty years. 

Without this protection there would be little incentive 
for invention and development because of the time and 
expense usually required to perfect a new device. The 
royalties prescribed in the pending bill take no cogni- 
zance of development or marketing costs and apply 
only to manufacturing costs which in many cases might 
be insignificant compared with the value of the product. 
Thus the inventor would be left “holding the bag’”’ while 
his competitors reaped a profit from his efforts. In 
this connection, it is conceivable that certain competi- 
tors, because of their manufacturing facilities and mar- 
keting setup, would be able to dominate the field and 
thus defeat the primary purpose of the bill. 

Enactment of such legislation would work an injus- 
tice to those who have spent years and fortunes in per- 
fecting inventions that have resulted in public benefits, 
as is attested by the history of numerous well-known 
inventions. It would also stifle development and in- 
dustrial progress. While it might prove a boon to the 
legal profession by incurring endless litigation, it would 
undoubtedly cause much unemployment among research 
workers, and, by retarding invention, would affect em- 
ployment in those fields that are stimulated by new 
developments. Furthermore, it would centralize power 
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in government officials who might be poorly qualified 
to evaluate the situation in many cases. 

The bill is being actively opposed by the New York 
Patent Law Association, the Cleveland Patent Law 
Association and many similar bodies, as well as inventors 
and small business enterprises. Latest advices from 
Washington indicate that the opposition is becoming so 
formidable as to lessen the chances of the bill’s passage 
at this session of Congress, despite the fact that it is 
understood to be on the list of must legislation prescribed 
by the Administration. 


Teachers Accused of Bias 


In a recent talk before the League for Industrial 
Democracy, Morris L. Cooke, former head of the Rural 
Electrification Administration, is reported as having 
charged that engineering students are becoming biased 
against public ownership due to the influence of their 
professors who are subsidized through vacation jobs with 
private utilities and large manufacturers of power-gen- 
erating and electrical equipment. 

This is a serious accusation to make unless supported 
by full and convincing evidence and is an inditement of 
the independence of the teaching profession. 

It is true that many instructors do take summer jobs 
of this character in order that they may keep abreast of 
practice and rationalize the book teachings with what 
is actually going on in the field. In so doing they not 
only become better teachers but the students become 
better fitted to take their place in industry upon gradua- 
tion. The companies, on the other hand, are usually 
willing to cooperate with educational institutions solely 
with the foregoing objective. If there be some with 
such ulterior motives as suggested by Mr. Cooke, they 
are indeed in the minority. 

It is generally conceded that, to warrant serious con- 
sideration, accusations of bias should emanate from a 
totally unbiased source. 


The TVA Investigation 


As this issue goes to press there appears to be some 
difficulty in completing the list of senators to serve on 
the Joint Congressional Committee that will investigate 
the TVA, the excuse being the probable time involved 
in the hearings because of their contemplated broad 
scope. It should not take very long to ascertain 
whether the charges made by former Chairman Arthur 
Morgan are well founded and whether there has been 
proper accounting for the vast expenditures, but the 
decision to extend the investigation to numerous other 
phases of the project will likely cause the hearings to 
drag out for many months. Among these, the inclusion 
of activities on the part of utilities in opposing the TVA 
can have little effect on the points at issue, but will 
probably serve as a useful smoke screen. 


i9 








High-Pressure Centrifugal 
BOILER FEED PUMPS 


With design, manufacture and opera- 
tion forming the three essentials to satis- 
factory performance, the author discusses 
briefly the importance of metallurgy in 
design and precision in manufacture and 
stresses the necessity for intelligent opera- 
tion. In the latter connection, clear- 
ances, packing, protection against the 
effects of abnormal operating conditions 
and the necessity of determining and 
maintaining proper feedwater condition- 
ing are covered. Complete cooperation 
between user and manufacturer before 
and after installation is shown to be most 
important. 


three fundamentals, namely, design, manufacture 

and operation. If any one of these is slighted, 
disastrous consequences soon follow. This applies equally 
to low-pressure or to high-pressure installations, the 
only difference being that the higher the pressure the 
more quickly will shortcomings show up. 

It is not the purpose of this article to describe in detail 
the features of design and manufacture, but rather to 
discuss operation in some detail. Regardless of how 
well designed or carefully manufactured a pump may be, 
faulty operation can ruin an installation within a very 
few minutes. It is proposed to show that a pump in- 
stallation is entirely dependent upon operation, once the 
other two factors, design and manufacture, have been 
properly adjusted; and that the longer an installation is 
in actual service the more secure it becomes on this three- 
legged foundation. Operation is the last leg added and 
oftentimes is extremely wobbly and, unless the proper 
bracing in the form of education is added, this last leg 
may cause the collapse of the whole works. 


Aen boiler-feed pump installation depends upon 


Design Features 


With the mushroom growth of topping units, boiler- 
feed pump manufacturers were faced with serious prob- 
lems of design, more severe than anything previously 
encountered; with inquiries originating from competent 
engineers and operators who had spent much time in- 
vestigating older high-pressure. installations and who 
were as familiar as the manufacturer with troubles that 
had occurred in the older installations. Those manu- 
facturers who could rely on past experience in high- 
pressure work were able to avoid the more obvious pit- 
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By A. H. RICHARDS, Field Engineer 


INGERSOLL-RAND COMPANY, 
Cameron Engineering Service 


falls, but the engineers are always thinking up new 
problems for the manufacturer to improve the operation 
of boiler-feed pumps and to insure the maximum re- 
liability. Problems of stuffing box arrangements, ma- 
terials, pump protection at light loads, temperature 
variations, suction heads, etc., all change with each 
installation. Arrangements that work in one installa- 
tion will not necessarily be fitted to another. 

Below are listed the pump service conditions of a few 
of the high-pressure plants in order to give some idea of 
the scope of the work required of modern high-pressure 
boiler-feed pumps: 


Suction Discharge Water 
Capacity, Pressure, Pressure, Temp, RPM 

Gpm Lb per Sq In. Lb per Sq In. Deg F 
1550 400 1800 338 3575 
850 260 1630 390 3550 
535 115 1550 338 3550 
1025 345 1645 400 3450 
870 69 1655 300 3575 
850 20 1635 220 3550 
1150 325 1670 380 3550 
1000 20 1795 228 3575 
255 250 1800 250 6000 
1600 600 1600 440 3575 
1330 700 1600 395 3575 
50 1600 70 3600 
1830 40 1640 150 3470 
1440 550 1650 430 3450 
1500 250 1600 325 3400 
800 350 1500 210 3550 


The purchaser of high-pressure boiler feed pumps 
should insist upon the pump manufacturer having an 
intimate and up-to-date knowledge of materials used in 
the manufacture of pumps. Successful modern design 
depends upon the proper use of materials for low main- 
tenance operation. There is a specific material for 
every part of a high-pressure pump and the selection of 
this material should be made by competent metallurgists 
and not from advertising circulars. The metallurgist 
must work in close relationship to both the design and 
manufacturing divisions and be intimately familiar 
with the actual work performed by the various parts of 
the pump. With the same basic material, widely vary- 
ing performance in a pump is obtained by a proper 
knowledge and control of heat treatments. It is as im- 
portant to know when not to heat treat as it is when to 
heat treat. Strain relieving anneal for relief of residual 
stresses in materials plays a most important part in 
selection and use of materials. What parts may be 
suitably manufactured from castings or forgings or by 
welding are vital functions of the metallurgist’s job in 
modern pump manufacture. Often the use of a material 
will be indicated from every standpoint of design or 
manufacture, in which case field experience with this 
material under similar conditions should be carefully 
checked. The proposed feedwater treatment and its 
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Fig. 1—Cross-section of typical high-pressure boiler feed pump 


control should be made known to the pump manufacturer 
to assist in the proper selection of materials. 

The basic design features of successful high-pressure 
boiler-feed pumps are very similar. Externally, they 
may be of the horizontally-split type or of the barrel 
type. Internally, they are almost universally of the 
single-suction impeller arrangement, employing a sepa- 
rate balancing device to compensate for hydraulic thrust. 
A typical cross-section of such a pump is shown in Fig. 1 
and a photograph of the finished pump is shown in Fig. 2. 
A photograph of a barrel-type pump of essentially the 
same basic internal design is shown in Fig. 3. 

Stuffing box arrangement forms a major problem in de- 
sign, particularly from an operating viewpoint. By refer- 
ring to the list of conditions previously given, it will be 
noted that suction pressures vary from 20 to 700 Ib per sq 
in. and that temperatures increase with the pressure. The 
rubbing speed of the shaft sleeve within the packing ap- 
proaches 5000 ft per min or approximately 80 ft per sec. 
Most packing materials that will withstand the range of 
pressures and temperatures are basically frictional 
materials, their chief ingredient being asbestos, possibly 
covered with aluminum foil. Depending on the exact 
conditions, a lead or babbitt-covered asbestos may be 
used but such high rubbing speeds readily generate a 
melting heat if the packing is improperly adjusted. 
From a pump operating standpoint, a reduction of pres- 
sure ahead of the packing is highly desirable. This is 
usually done by permitting a small amount of water 
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to leak out between a rotating and stationary part to 
an outside source at lower pressure. Such procedure at 
times causes some slight upset in heat balance within the 
station but the use of such a bleed-off may be the lesser 
of two evils. It is definitely easier for the operators to 
adjust and maintain packing under low pressure than it 
is under high pressure, and considerable experience and 
skill are required of the operator to prevent damage to 
shaft sleeves or frequent pump shut-downs when stuffing 
boxes are subject to high pressures. It is highly desirable 
that the stuffing box arrangements be made a point of 
discussion between the purchaser and supplier before the 
station details have been finally settled. Each installa- 
tion is a separate problem requiring careful analysis. 

The design clearances used in boiler-feed pumps, be- 
tween rotating and stationary parts, should be based on 
experience, shop tests and materials used. An attempt 
will be made to show later that with proper operation 
the above points govern the safe minimum clearances; 
and that with improper operation the minimum safe 
clearances must be so large as to be impractical. 

There is one advantage to the manufacturer of a 1500- 
Ib pressure pump and that is no purchaser will consider 
cast-iron casings for such pressures. The present ASA 
flange standards are all based on steel fittings with raised 
faces and when a manufacturer sells a pump with a cast- 
iron casing he is compelled to use a steel flange standard 
with a raised face for a cast-iron flange. Most piping 
contractors make up the joints using the same technique 
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Fig. 2—Boiler feed pump of split-casing type designed to feed a 1400-lb boiler 
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for cast-iron to steel as they do for steel to steel. This 
puts stresses of eight and ten times the permissible 
amount on the cast-iron flange and the result is often a 
crack occurring at the junction of the nozzle and the 
flange. The obvious remedy is to use steel casing pumps 
for any pressure where steel pipe fittings are used. 

Variable speed forms an ideal type of drive for a cen- 
trifugal boiler-feed pump. It permits variable ca- 
pacity from the lightest boiler load to maximum boiler 
load with approximately 20 per cent variation in speed 
and at constant discharge pressure. Such performance 
exactly meets the demand from the boiler; i.e., infinite 
variations in capacity at constant pressure. Variable 





Fig. 3—Exterior view of barrel-type pump 


speed drive also lessens maintenance and prolongs the 
life of governing equipment and valves in the feedwater 
system, since constant excess pressure is maintained 
without throttling action through the valves. 

Mounting of boiler-feed pumps is of great importance 
because of the varying temperatures to which any given 
installation will be subjected. Despite opinions to the 
contrary, flexible couplings transmitting 1500 to 2000 
hp at 3600 rpm, or above, will not compensate for 
extreme misalignment with vibration-free operation. 
The floating or jackshaft coupling arrangement is not 
used to permit misalignment but to allow easy access 
to the driven end of the pump to simplify inspection and 
shaft sleeve maintenance. Misalignment results in 
vibration; hence the manufacturer should make ade- 
quate provision for expansion and contraction due to 
temperature changes. Such provisions include center- 
line support on cooled cradles, doweling at one end so 
that expansion occurs in one direction, and suitable 
guides to keep the pump shaft in constant alignment 
with the driver shaft. The same provisions should be 
insisted upon for the driver as alignment is a dual job. 

No attempt will be made here to discuss the detailed 
design of the pump. The manufacturer’s experience, 
reliability and test equipment should govern the selec- 
tion of equipment rather than designs on paper not 
backed up by adequate test facilities and experience to 
prove the design. 


Precision in Manufacture 


A successful high-pressure boiler-feed pump must be 
manufactured with all the skill of a precision watch. 
Close tolerances must be maintained and backed up by 
rigid inspection of machined parts before and during 
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assembly. After assembly, the entire unit should be 
proven by a running test at full speed. 

During the various stages of manufacture, the metal- 
lurgist again must carefully follow the materials. He 
determines the proper stage at which the various heat 
treatments are given to the parts. It is also his duty to 
see that materials desirable from a design and operating 
viewpoint can be machined and respond properly to 
treatment when indicated. Rigid inspection at various 
stages of manufacture also assures the finished product’s 
success. 

There has been tremendous progress made in machine 
tool design in the last decade and the successful manu- 
facturer of high-pressure pumps will have taken full ad- 
vantage of this progress by establishing a replacement 
schedule of machine tool equipment which will replace 
old machines with more accurate and more flexible new 
ones. Many of the modern materials highly desirable 
in high-pressure pumps cannot be properly machined 
except by new and modern machine tools, particularly 
since many of these materials must be accurately ground 
within extremely close limits. The best materials are 
dense and tough and a tooled finish will be rough and 
inaccurate; hence the use of such machining methods will 
reflect throughout the entire building of the pump and 
necessitate large tolerances and sloppy fits. Precision 
work requires precision tools. 

The test pit is the proving ground of a high-pressure 
pump. A properly designed and operated Test Depart- 
ment is an essential part of high-pressure pump manufac- 
ture. A running test at full speed with cold water sub- 
jects the completed pump to pressures much higher than 
will be encountered in normal operation. Performance 
of the pump at full speed should be accurately deter- 
mined as there may be a vast difference in performance 
at full speed and at half speed. Hydrostatic tests are 
of value only to determine soundness of joints or castings 
and will be of no benefit in determining stability, balance, 
smoothness and output of a pump. The purchaser of 
a high-pressure pump has every right to expect that the 
manufacturer selected will be able to demonstrate the 
pump performance at full speed and pressure and should 
so stipulate in the specifications. 


Operation 


The careful manufacturer who has satisfactorily 
designed, manufactured and tested a high-pressure feed 
pump places his reputation and product in the buyer’s 
hands and the third leg of our installation is started. 
Sometimes the purchaser’s operating personnel is in- 
experienced in high-pressure operation and it is a very 
human and natural reaction to be more concerned about 
a boiler or more expensive turbine-generator than it is 
the lowly feed pump. Someone has called a boiler- 
feed pump “the heart of the power plant.” It pumps 
the life-blood of the machines through the system to 
enable the necessary production of steam and eventually 
electricity. Just as we humans often thoughtlessly over- 
tax our own hearts, thus frequently are the ‘‘hearts’’ 
of power plants abused. 

In the old low-pressure slow-speed days of feed pumps, 
the physical quantities of mass, energy and time were of 
small proportions. Today, the relations between these 
same quantities is such that a successful high-pressure 
feed pump must be as intelligently operated as a turbine; 
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yet its demands on the operators are actually very few 
and extremely simple. In their simplest form, they 
resolve into three easily remembered rules when the 
pump is operating: 


1. Always keep water flowing into the pump. 

2. Always keep water flowing out of the pump. 

3. Never suddenly subject a pump to extreme tem- 
perature changes. 


If these three short rules are followed religiously, 
a pump that has been properly designed and built will 
lead to a successful installation. Rules 1 and 2 are in- 
terdependent. Naturally, if the water flashes into 
steam when coming into the pump, it will be impossible 
to keep water flowing out of the pump. However, it is 
possible and has happened that water has been flowing 
into the pump but steam was generated within the pump. 

In any centrifugal pump irrespective of design, the 
difference between the work or horsepower put into the 
pump and the useful work performed by the pump is 
converted to heat and must be dissipated. For the pur- 
pose of this article, it is proposed to neglect the very 
small percentage absorbed by the bearings, coupling, 
windage and stuffing boxes and to make the practical 
assumption that the water passing through the pump ab- 
sorbs all of this heat. This can be readily demonstrated 
by actual tests. Thus, if we calculate the brake horse- 
power (input) against the generated or water horse- 
power (output) at various capacities and convert their 
difference to Btu, we will obtain the quantity of heat 
added to the water in passing through the pump. By 
dividing these quantities by the water flowing in pounds, 
the temperature rise of the liquid is found. 

Fig. 4 shows a typical brake horsepower—water horse- 
power curve for a high-pressure pump and Fig. 5 shows 
the temperature-rise curve plotted from the differences 
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Fig. 4—Typical input-output curves for high-pressure pump 


shown in Fig. 4. It will be obvious that with any 
reasonable flow through a pump the weight of water is 
sufficient to absorb the difference between brake horse- 
power and water horsepower without appreciable tempera- 
ture rise. We, thus, are concerned purely with operation 
under abnormal conditions and at extremely light loads. 
An interpretation of abnormal operation is any operating 
condition which subjects equipment to conditions for 
which it was not designed and which may have in- 
jurious effects on the equipment. These conditions may 


be brought about by ignorance, by mechanical failure of 
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related equipment, by improper operation of related or 
interdependent equipment and by natural causes such 
as thunderstorms, etc. From a pump operating view- 
point, provision must be made either to prevent these 
abnormal operating conditions, which would indeed be 
Utopia, or so to protect the pump that despite any ab- 
normal condition no damage to the pump will result. 
This can be done quite simply. 

First, just what harm will result from an abnormal 
operating condition that results in either zero discharge 


TEMPERATURE RISE, DEG F 


1400 
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Fig. 5—Temperature rise curve with 430 F water and 730 lb 
per sq in. suction pressure 


from the pump or reduces the flow to a very small quan- 
tity? The temperature of the water passing through 
the pump will be increased as shown in Fig. 5 and this 
increase will take place in approximately one minute or 
less. The first result will be an extreme temperature 
change which may cause the internal rotating parts to 
heat so much more rapidly than the outer and heavier 
stationary parts that severe rubbing will occur. It is 
also possible that renewable stationary parts fitted into 
larger and heavier stationary parts will be heated so 
much more rapidly than the larger parts that they will, 
in attempting to expand, be stressed beyond their elastic 
limit and actually shrink against the rotating parts. 

If the pump is designed with a separate form of balanc- 
ing device, the liquid passing over this device has passed 
through each stage of the pump and absorbed heat from 
each stage. In passing the balancing device, its pressure 
is lowered to approximately suction pressure and since 
the liquid has been heated in passing through the pump 
it tends to flash in the balancing chamber or balancing 
line. 

In Fig. 5, there has been plotted the ‘““Temperature 
Margin” for an assumed installation. This margin is 
arrived at by assuming suction pressure in the balancing 
chamber or outlet of the balancing device. The tempera- 
ture corresponding to this suction pressure is found 
from the steam tables and the difference between this 
temperature and the inlet temperature of water coming 
to the pump is known as ““Temperature Margin.”’ For 
instance, in the example given in Fig. 5, we assume 430 F 
water coming to the pump at 730 Ib persqin. gage. The 
temperature corresponding to this pressure is approxi- 
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mately 510 F. The difference between 510 F and 430 F 
is 80 deg; or the installation has an 80 deg Temperature 


Margin. This means the temperature of liquid passing 
through the pump may rise 80 deg before flashing occurs 
in the balancing outlet. 

The result of flashing in the balancing device is ex- 
tremely rapid wear due to vibration and internal rubbing 
caused by the vibration. Basically, this is due to a 
combination of incidents happening in an exceedingly 
small period of time, usually within one or two minutes. 
The mixture of steam and water will not provide proper 
cooling for the surfaces or proper lubrication for these 
surfaces. The flashing probably occurs at various points 
in the passage of the liquid over the balancing device 
resulting in a series of small explosions causing the shaft 
to oscillate violently which, in turn, causes more rubbing 
of the internal parts and upsets the packing in the stuff- 
ing boxes. The mechanical rubbing of the parts creates 
a tremendous heat of friction which heats the liquid still 
more because the amount of liquid or flow of liquid is 
insufficient to cool the parts. This causes still more 
flashing and the cycle starts all over again. 


Rebuilding Expensive 


Parts from pumps which have gone through this ex- 
perience are blackened and pitted as though burned by a 
torch. For estimating purposes, one can figure on a 
cost of $2000 as being approximately correct for rebuild- 
ing a large high-pressure pump which has been operated 
at too light a load. 

On multi-stage pumps which do not employ a separate 
balancing device, the situation is a little different and 
the results may be even more disastrous. Pumps with- 
out a balancing device have no place after the first stage 
where the pressure is reduced to suction pressure. Con- 
sequently, once the liquid, as a liquid, is past the first 
stage, no flashing will occur beyond the first stage, 
provided no flashing occurs in the first stage. The 
sudden heating, however, will cause the same distortion 
as outlined previously, with perhaps worse results due 
to the more complicated shapes of the casings of such 
pumps. At extremely light loads, however, flashing will 
occur in the eye of the first-stage impeller due to re- 
circulation through the rings of the first-stage impeller. 
When this occurs, the pressure immediately drops at the 
first stage and this loss of pressure is transmitted through 
the entire pump, resulting in flashing throughout the 
pump. The pressure drops in the first stage when 
flashing occurs because a centrifugal pump will not 
generate pressure when handling a vapor or a mixture 
of water and vapor, as it will when handling a solid 
column of liquid. This flashing in the suction side of 
the first-stage impeller breaks the column of liquid and 
results in a pressure drop all the way through the first 
stage, which is transmitted to the inlet of the second 
stage where the flashing is even more thorough because 
the water is progressively hotter from stage to stage 
through the pump. This, in effect, is the same thing 
as loss of suction and the lack of liquid to lubricate and 
cool the surfaces usually results in seizure of the rotating 
parts. The cost of the damage will probably be about 
the same or slightly greater than that for pumps using 
balancing devices due to the possibility of complete 
seizure taking place. 

The foregoing description roughly covers the results 
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of improper or abnormal operation without protective 
devices. The cure, of course, is prevention. It has been 
said that pump manufacturers build pumps with too 
close clearances in an attempt to gain the last point in 
efficiency; the thought being that an increase in clear- 
ances would enable a pump to be operated under ab- 
normal flow conditions without damage. Let us ex- 
amine the facts carefully and see if this is correct. 

Referring to Fig. 4, the curve of water horsepower 
output is the useful work done by the pump. The ratio 
of this water horsepower output to the brake horse- 
power input is the efficiency of the pump. An increase 
in clearances through the pump will not change the water 
horsepower in any way, but will increase the brake horse- 
power because a greater quantity or weight of liquid 
must be pumped for the same amount of useful output. 
The first result, then, of increased clearances and lowered 
efficiency is to increase the amount of heat to be absorbed 
by the same amount of liquid passing through and out 
of thepump. Graphically, this will increase the tempera- 
ture rise shown in Fig. 5 for the same flow; and flashing 
will occur at higher loads than if the pump were built 
with normal clearances. The second result of greater 
clearances will be to cause more extreme temperature 
changes with the effects already described. It pre- 
sumably is possible at least to discuss building a pump 
with clearances such that it could be run so as to gener- 
ate steam without damage. This has often been done 
on low-pressure pumps and is entirely practical in certain 
applications where the pressure and horsepower involved 
are low. A 50 per cent increase in brake horsepower 
required on a 25-hp pump would still demand only a 
40-hp motor and the additional power would never be 
found in the auxiliary power cost. A 50 per cent in- 
crease in brake horsepower required on a normal] 2000- 
hp pump installation is an appreciable item of cost in 
auxiliary power, not only in operation but in first cost 
also. Summing up, a slight increase in clearance simply 
aggravates the likelihood of damage at light loads and to 
build high-pressure pumps with such clearances that no 
damage would occur with improper operation is im- 
practical from an operation cost standpoint as long as 
there are other alternatives. 


Sufficient Flow Important 


The simplest remedy is to insure that, despite any 
abnormal operating condition other than loss of water 
coming to the pump, there will always be sufficient flow 
through the pump to insure its safe operation. A small 
line taken from the discharge and equipped with an 
orifice nipple will insure a sufficient amount of flow. The 
orifice nipple serves the dual purpose of reducing pres- 
sure and controlling the amount of flow. The required 
amount of flow will vary with each installation and the 
most accurate way to handle this point is to plot the 
temperature rise curve and temperature margin for each 
installation as shown in Fig. 5. The bypass nipple 
should then be designed for a somewhat larger flow than 
is shown by the intersection in Fig. 5. This bypass 
line should not be taken back to the suction line but 
should discharge back in the system at some point where 
the water will flash down to a lower temperature before 
being returned to the pump, such as the steam side of a 
heater. 

While the bypass arrangement will protect the pump, 
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it is, of course, useless unless it be open at the time of 
abnormal operating conditions. The simplest but not 
the most foolproof method of bypass control is manual 
control by the operators. However, one failure of an 
operator to be at the exact spot at the exact time to open 
the bypass may result in damage and cause a major 
plant shutdown. If manual control is elected, then the 
bypass valve should be locked open for the first few 
months of operation until all the preliminary operating 
“bugs” have been worked out and regular commercial 
operation is in force. After such a time has been reached, 
the bypass line should be opened: 

(1) When putting on or taking off a pump. 

(2) When changing pumps (the bypass from each 
pump should be open). 

(3) When putting the plant on the line or when taking 
it off the line. 

(4) When the pump load is likely to drop below the 
safe minimum established by the temperature rise 
curve of the pump. 

If the bypasses are arranged in a header, care should 
be taken to make sure the header is sufficiently large so 
that one pump discharging into the bypass at a high 
pressure will not build up pressure in the bypass line and 
back off the bypass line a pump that is operating at 
lower pressure. This occasionally happens when a 
motor-driven unit operates with a turbine-driven unit. 

If a surer method of bypass control is desired, there 
are a number of different arrangements which should be 
commercially available but, unfortunately, are not. 

This appears to be due largely to a lack of under- 
standing of the problem by manufacturers of control 
equipment and somewhat to the apparently high cost 
of control equipment. The term ‘‘apparently” is here 
justified because a single operation of the control at a 
time when manual operation would have failed will 
economically justify the entire cost of the control equip- 
ment. Since the major cause of disaster is one of flow, 
the operation of an automatic bypass control valve 
should certainly be controlled by flow. If a flowmeter is 
installed in the suction side of the pump, an auxiliary 
tap can be taken from this flowmeter to actuate a valve 
in the bypass line. At flows below a safe minimum, the 
bypass valve should open and stay open until flow has 
reached a value above the minimum. This leads to a 
simple off-and-on control which should function satis- 
factorily. It is at present being tried in a few stations 
but insufficient operating experience prohibits any 
report on it. The bypass line may also be actuated by 
a solenoid valve which, in turn, is tripped by impulses 
from the differential leg across the flowmeter. In either 
type, the valve in the bypass line should be set to open 
against failure of the actuating medium; if the air or oil 
or power fail, the bypass valve should open. 

A second possible method of control is by temperature 
differential. The chief objection to this is the variation 
in temperature at the pump suction. The writer knows 
of no installations attempting to govern by use of dif- 
ferential temperature control but believes that a suitable 
control can probably be worked out. However, it must 
be kept in mind that the control should operate only on 
temperature rise through a pump, irrespective of the in- 
coming temperature. 

Where pumps equipped with a separate balancing 
device take suction from a deaerating heater or a direct- 


COMBUSTION—April 1938 


contact heater, a most satisfactory bypass is afforded 
by means of returning the balancing leakage at low pres- 
sure direct to the heater where it will flash down to the 
temperature in the heater. In many installations, the 
amount of this bypass will be sufficient to insure safe 
operation with the discharge closed and it will be im- 
possible to operate the pump with the balancing line 
closed. It may be necessary, depending on the tempera- 
ture margin available, to supplement the leakage from 
the balancing device with an additional bypass from the 
discharge. In these cases, it is still advantageous to use 
the balancing device leakage by returning it to the 
deaerating or direct-contact heater, as it is an absolute 
guarantee that the pump can never be run against shut- 
off or with zero discharge. Where closed heaters are 
used, the bypass must be taken from the discharge. 


Bypass Regarded as Insurance 


Occasionally, sales are promoted by involved dis- 
cussions of pumps requiring or not requiring bypasses 
and as to whether one type of pump requires more water 
to be bypassed than another. However, the natural 
laws involved affect all pumps and a bypass is just so 
much insurance. Its use does not require additional 
pump capacity because it is never used at times when 
the pump is operating at or near its full capacity. It 
does not add to the cost of operation because at the low 
capacities where it is used the brake horsepower curve 
is so flat that the slight additional amount of water used 
through the bypass will hardly affect the power demand. 
In addition, if the generating unit is down to such low 
loads that the bypass on a boiler-feed pump must be 
open, it is no time to be concerned with feed pump 
efficiency. 

So much has been said and written in the past on the 
dangers of loss of water going to boiler-feed pumps that 
troubles rarely if ever occur from this source. Almost 
all operators thoroughly understand this danger and 
designing engineers usually plan two or more emergency 
sources of suction. It is common practice to install 
level or pressure controllers in most deaerating heaters 
and usually a low-water alarm is also installed. When 
the main boiler-feed pumps take suction from a set of 
primary pumps, it requires careful design planning to 
insure that, no matter what happens, the primary pumps 
will continue to feed the main pump suctions or else the 
main pumps should be arranged to shut down automati- 
cally. Obviously, if there is no water going to the main 
feed pumps, they will be unable to feed the boiler and 
unless they are automatically and immediately shut 
down the pumps will seize and destroy themselves. The 
fires must be pulled under the boiler in any event and 
the pumping equipment might as well be saved so the 
unit can be fired up again when normal flow to the 
pumps is established. Seizure will probably occur in a 
matter of seconds, assuming complete loss of water. 
With only partial loss of water, the pump discharge 
pressure will drop and the check valve presumably 
close, so the pump will operate either at shut-off or on 
its bypass. The seizure will be caused by heat of 
friction of the rotating parts in the vapor or stagnant 
water mixture causing sudden expansion of the rotating 
parts. These contact the stationary parts and the heat 
of friction is instantly increased to the point where com- 
plete galling and occasionally actual fusing of the parts 





take place. 
sure that water in liquid form is coming to the pump at 
all times or else to automatically and immediately shut 
down the pump. 

Where boiler feed pumps take suction directly from 
deaerating heaters it is well to insure that there will be 
no sudden lowering of pressures within the deaerating 


The remedy is again prevention to make 


heater. If sudden lowering of heater pressure occurs, 
there may be almost normal liquid level maintained 
within the heater but the sudden pressure drop creates 
a cone of vapor bubbles in the suction line which may 
possibly be carried into the pump, causing a momentary 
loss of suction. If the pressure drop is not extreme and 
the period of partial flashing lasts only for a few seconds, 
no damage is likely to occur to the pump. With high- 
speed, high horsepower pumps, however, the period 
through which a pump will safely operate under such a 
condition is very much of an unknown factor and rep- 
resents a definite operating hazard which should 
definitely be avoided. This condition is most likely 
to occur where the deaerating heater is supplied with 
bled steam from the main turbine. Sudden load changes, 
loss of load through electrical disturbance, etc., will cause 
changes in bled steam pressure which will cause a pres- 
sure drop within the deaerating heater. In those cases 
where two sets of pumps are used in series, flashing on 
the suction side of the low-pressure pumps will result 
in flashing in the high-pressure pumps and the same 
precautions in this regard should be observed for the low- 
pressure pumps. 


Packing 


The writer will not attempt to discuss the theories of 
different types of packings now commercially available 
for service in high-pressure boiler feed pumps. Rubbing 
speeds of 70 to 80 ft per sec are common. While the 
fact is frequently overlooked, stuffing box packing ac- 
tually forms a bearing and runs with extremely close 
clearances in order to seal off leakage properly. <A “‘pv” 
(pressure-velocity) of 700,000 to 1,000,000 is common and 
such values are several times those allowed in normal 
bearing practice. In addition to excessively high pv, there 
is definitely much poorer lubrication, if any, between the 
stuffing box packing and the shaft sleeve. Aside from 
the normal pv caused by the hydraulic pressure against 
the packing, stuffing boxes are subject to wide variations 
in pressures by adjustments of the gland-bolt nuts 
against the packing gland. Operators who, through 
ignorance or carelessness, make frequent adjustments or 
who practice turning the gland nuts a full turn, can 
completely wreck a set of packing in a few seconds. 
After the failure, it is always the packing or the stuffing 
box that is blamed. 

One plant which enjoys real success with high-pressure 
stuffing boxes has assigned one man on each shift who is 
the only individual allowed to adjust the gland nuts on 
stuffing boxes. If the operator feels that the stuffing 
box needs adjustment, he does not attempt it but calls 
the man on the shift assigned to this work who decides 
whether adjustment is necessary. This idea serves the 
dual purpose of keeping all stuffing box adjustments in 
the hands of one responsible and experienced person and 
of eliminating a frequent source of trouble due to the 
individual operators’ varying ideas of proper packing 
adjustments. 
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Most commercial packings in use today for high- 
pressure, high-temperature service are made of materials 
having a fairly high coefficient of friction. The only 
way this friction can be reduced is by lubrication and the 
most logical “‘lubricant’”’ on boiler-feed service is cold 
water, either raw filtered water or preferably cold con- 
densate. If the suction pressure is high, it is a common 
practice to circulate cold water through a lantern gland 
about in the middle of the box. The inlet cold water is 
connected to one side of the lantern gland and the outlet 
to the opposite side. The outlet must be connected to a 
pressure lower than the inlet to insure cold water getting 
into the lantern gland. With this arrangement, the hot 
water being handled by the pump bleeds out through the 
packing rings between the Jantern and the bottom of 
the stuffing box, mixes with the cold water coming into 
the lantern, and the mixture goes out the other side of the 
lantern. This arrangement complicates the situation by 
requiring the inside rings between the lantern and the 
bottom of the box to hold usually 50 to 80 per cent of the 
pressure and none of the cold water gets to these rings 
to cool or lubricate them. The outside rings between 
the lantern and the outside of the box may have to hold 
only 20 to 50 per cent of the pressure and have only 
cold water against them. This would obviously in- 
dicate that the lantern gland should be located at the 
third ring of packing, in from the outside, so that two- 
thirds of the packing is used to hold the higher pressure 
with hotter liquid. The alternative course is to boost 
the cold water pressure to almost the same amount as 
the suction pressure and locate the lantern one or two 
rings away from the bottom of the box. This enables 
most of the packing to be cooled and lubricated by the 
cold inlet water. 

A method which has met with excellent success is to 
boost the cold condensate pressure above the inside hot- 
water pressure against the packing so that cold conden- 
sate actually flows into the pump. This is the ideal 
arrangement as far as packing is concerned as it lubri- 
cates and cools each ring of packing. It necessitates a 
separate source of cold condensate and the pressure from 
this source must be steady and non-fluctuating. A 
fluctuating pressure causes compression, decompres- 
sion, expansion and contraction of the packing which 
causes a wide fluctuation in drag, pv, lubrication and 
wear, and results in short packing life. Some operators 
install an excess-pressure regulator in this line to main- 
tain a constant excess pressure over the suction pres- 
sure. Other operators, using the circulating box first 
described, install a simple constant pressure governor 
in the cold water inlet line to avoid ‘‘weaving’’ of the 
packing. 

Every attempt should be made to hold the packing 
pressure at a figure that will insure long packing life and 
a minimum of maintenance. While this may be less 
efficient than using a much higher pressure, it will give 
greater reliability of operation.. In addition to keeping 
the pressure as low as possible, it is highly desirable to 
have shaft sleeves under the packing made from a tough, 
hard, wear-resistant polished material to insure a mini- 
mum of friction. It is also beneficial to cool and lubri- 
cate the packing in every practical way. Generally, 
the permissible pressure that it is practical to hold will 
be inversely proportional to the temperature of the 
liquid in contact with the packing. (Continued on page 48) 
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Burning FUEL OIL 
and NATURAL GAS 


By FRANK G. PHILO 


Supt. Steam Power Plants 
Southern California Edison Co., Ltd. 


These excerpts from a paper! presented 
at the Spring Meeting of the American 
Society of Mechanical Engineers at Los 
Angeles, March 23 to 25, 1938, review the 
practice in gas firing and supplementary 
oil firing at the Long Beach Station. 
Aside from this specific information, gen- 
eral observations are made on the handling 
and burning of these fuels. 


California Edison Company, Ltd., with a present 

capacity of 415,000 kw, is equipped for burning 
natural gas and oil. Prior to 1922, oil fuel was used 
exclusively but at present it constitutes less than 1 per 
cent of the annual fuel used. 

The normal source of gas supply is the Kettleman 
Hills field, approximately 208 miles northwest of Long 
Beach, which is connected with the station by a high- 
pressure gas-transmission line constructed of 26-in. 
outside diameter steel pipe with electric-welded joints 
throughout the greater portion of its length. The gas 
used is “‘dry,”” having previously passed through gaso- 
line-recovery plants. When it leaves the field, its 
pressure is approximately 400 Ib gage, but, before enter- 
ing the Los Angeles territory, the line passes through a 
control station at Glendale where the pressure is regu- 
lated to give a delivery pressure of about 150 Ib gage at 
Long Beach. On entering the station property, a further 
reduction to 25 Ib is made, after which the gas is metered 
and distributed to the boiler rooms, being further re- 
duced to a boiler-room supply pressure of 9 Ib before 
entering the buildings. 

This arrangement has been satisfactory from an operat- 
ing standpoint but it is felt that a future installation 
would carry the 25 lb pressure to each boiler where it 
would be reduced by individual boiler regulators to 8 or 
10 Ib, before reaching the burner-header regulating 
valves. This would insure proper header pressure at all 
boilers, regardless of changes in loading, and would 
decrease materially the size of the gas lines within the 
station. 


| HE Long Beach Steam Station of the Southern 





1 The complete paper is being published in the April 1938 issue of Mechanical 
Engineering. 
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Before going to the regulators, the high-pressure gas 
is passed through a cylindrical separator equipped with 
suitable traps designed to remove any water or oil. 
Both gravity and heating values are variable, depending 
somewhat on each other. Occasionally, gas is received 
with a heating value as high as 1250 Btu per cu ft, and, 
at times, it may fall to around 1050 Btu, the yearly aver- 
age being about 1135 Btu per cu ft. 

Each of the six sectional-header boilers in this plant is 
equipped with 20 combination Peabody oil-and-gas 
burners of the type shown in Fig. 1, which are designed 
to deliver 30,000 cu ft of gas per hour each with a 
pressure at the burner of 3 lb. They are supplied from 
a 14-in. outside diameter gas header located below the 
firing floor where the gas pressure is controlled by 
chronometer valves operated from the Bailey automatic 
control system. Individual burners are supplied through 
risers from this header with rising-stem gate valves in 
the risers immediately above the header and plug cocks 
on the firing floor for rapid control of the gas to each 
burner. One ofthese boilers has been tested at a maxi- 
mum output of 450,751 Ib of steam per hour represent- 
ing 413.2 per cent of its rated capacity. 
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Fig. 1—Combination gas-and-oil burner as installed at Long 
Beach Steam Station 


When burning gas, all burners are fired for all loads, 
it being possible to reduce the gas input safely to a 
point where the boilers are generating practically no 
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steam. Some minor changes in the combustion-control 
system make possible an increase in the fuel and air 
supply on the six boilers from minimum to maximum in 
45 sec, enabling the 100,000-kw turbine units to accept 
instantly and maintain a load of 85,000 kw from an 
initial load of only 1000 kw. While a large number of 
burners insures even distribution of fuel in the furnace, 
their use complicates construction of the surrounding 
furnace lining and multiplies the valves that must be 
operated when changing fuels. Recently burners of 
much larger capacity have been developed, and perhaps 
six burners would be ample for a boiler of this size. 


Fuel Oil 


Although experience has shown that existing high- 
pressure gas-transmission lines are reliable and free 
from trouble, oil is usually used as a reserve fuel and 
sufficient quantity stored on the premises to protect the 
station from failure of the gas supply or its diversion 





refinery has made it possible to rearrange the molecular 
structure of oils under high temperatures and pressures 
so that more gasoline and other desired fractions can be 
recovered, leaving a wide range of products all the way 
from fuel oil and “‘Dubbs’’ residue down through re- 
finery wastes and acid sludge to petroleum coke, all 
of which are available for fuel either separately or 
blended to secure certain characteristics. Nearly all 
fuel oils today contain varying proportions of these 
cracked residues, and it is a distinct possibility that in 
the near future all petroleum fuel for industrial use will 
be 100 per cent cracked fuel. 

Accepted maximum viscosities for pumping and 
atomization are 4000 and 150 sec Saybolt Universal, 
respectively. In the most commonly used oils, these 
correspond to temperatures of 80 to 90 F for pumping 
and 195 to 200 F for atomizing. The general custom is 
to carry the final oil temperature at between 225 and 
250 F. 


TABLE 1 ANALYSES AND COMBUSTION CHARACTERISTICS OF REPRESENTATIVE GAS AND OIL FUELS 

















Gas Analysis —~ — Fuel-Oil Analysis 
; Per cent Per cent 
Constituent by volume Constituent by weight 
IN si cas Sas a7 84 Kee ea neta een 74.7 CN ET ee ee Cre ee ee ee 86:50 
q AR lee mee ee oie 23.7 Hydrogen, Hz............. 11.00 
EES Sere 1 BUR Acc ose V id aNe very eabes i 0.1 Nitrogen, N 0.29 
soe ois wets alateG a's bin om 1.4 8 SE ee 0.94 
TONS cS oy chev caus fonehene 0.1 Oxygen, O: 1.02 
—- Moisture, H:O 0.20 
PA onern 100.0 _ ay A? ee one a eee 0.05 
Gas tieukok na cmewes ckvees bean erneseweas 100.00 
Heat value at 30 Hg and 60 F, saturated, 1205 Btu per cu Heat value, by test, 18,600 Btu perlb. Gravity, 17.9 deg 
ft as determined by Thomas calorimeter. Specific gravity Bé. Flash point, 198 F. 


(calculated), 0.681. 


Combustion Characteristics of Gas and Oil Fuels 
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Theoretical Combustion Products— -— 


Theoreti- ———CO:, lb———~. ——Moisture, lb———. ————Nitrogen, lb. 1 
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Total . re cas are 2.75 ue 2.03 rs 12.63 —e 0.00 be 17.41 
Total 100.00 13.73 ce <s = ‘ is ee ea , 14.73 
Total ree Pe ae 3.17 0.98 10.56 0.02 14.73 


to other uses in cold weather. The Long Beach Station 
is connected by pipe line to a near-by refinery and ordi- 
narily carries sufficient oil in storage for approximately 
4 days’ supply at normal full load of the 345,000-kw 
capacity in modern equipment installed in Plants 2 and 
3. Because of fire hazard, the storage tanks are usually 
located as far as possible from other structures and care- 
fully protected. 

Fuel oil is ordinarily purchased by the barrel of 42 
gal with an approximate average weight of 8 lb per gal 
or 336 lb per bbl, varying somewhat with the specific 
gravity. Measurement is referred to a temperature of 
60 F. A limit of 2 per cent is usually placed on 
water and sediment, and it is often specified that the 
gravity shall not be less than 14 deg A.P.I. at 60 F. 
Heating value is reported in Btu per pound, a usual value 
being 18,600 or 6,250,000 Btu per bbl, making 4.5 bbl 
of oil equivalent to a ton of ordinary coal. 

Practically all crude oil is refined. Formerly, the 
lighter fractions such as gasoline, naphtha and kerosene 
were distilled off in one large ‘‘cut,’’ and the remainder, 
known as straight-run fuel oil, used as fuel. In later 
years, the introduction of cracking processes in the 
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It is desirable to provide ample heating capacity for 
oil in storage, the accepted method being by steam. 
In cold climates, it may be desirable to insulate the lines 
between the storage tanks and the plant, and in nearly 
all cases fuel-oil transfer pumps will be required to 
speed up delivery even though gravity feed be used from 
the storage to the burning tanks. While centrifugal 
pumps are sometimes used for this service, displacement 
pumps are generally preferred. 


Service Tanks 


Comparatively small service or burning tanks are 
usually installed adjacent to the station. These receive 
their supply from the storage tanks and should be in- 
stalled in duplicate, each tank holding not less than 
enough oil for 8 hr full-load operation of the station, 
oil being withdrawn from one while the other is being 
filled. These tanks are carefully calibrated and the 
hourly station use determined therefrom by gaging. 
Oil in the burning tanks is often heated by returning a 
portion of the oil as heated for atomization, although 
heating coils are sometimes used. 

Fire protection for both the burning tanks and the 
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fuel-oil pump rooms is provided by smothering lines 
supplied with steam at a reduced pressure of 125 Ib 
from the main boiler room. This system also supplies 
steam to the heaters under thermostatic control for 
heating the oil to approximately 250 F for the proper 
atomization. Drips from the heaters are returned 
through coil drainers to heat exchangers located on the 
cold oil lines before the heaters and thence to detector 
tanks, where the drips can be inspected before return 
to the boiler feed system. Should the drips be con- 
taminated by oil leakage from the heaters, a weir is 
provided in the detector tank where, by raising the water 
level slightly, surface accumulations of oil can be 
skimmed off to the dirty-oil sump. 

In the modern central station it is highly important 
to reduce makeup water requirements. Average make- 
up requirements in this station for a 75 per cent load 
factor are about 0.5 per cent of the total boiler feed 
requirements. Steam required for heating the necessary 
fuel oil from 70 to 250 F is also approximately 0.5 per 
cent, and, therefore, makeup requirements would be 
doubled if the drips from the fuel-oil heater should be 
discarded. 


Burner Supply Lines and Design 


Fuel-oil suction lines to the high-pressure pumps 
should be of ample size. In this station, they are 14 
in. and are installed in duplicate. Duplicate simplex 
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strainers are located ahead of each high-pressure fuel-oil 
pump, which is of the double-screw positive-displace- 
ment type and discharges to headers from which the 
heaters and heat exchangers are manifolded so any 
piece of equipment can be disconnected without inter- 
ruption of service. Relief valves on this header are set 
at 275 lb, and a second, valve-controlled, relief valve 
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set at 50 lb is provided for circulating oil through the 
system when gas fuel is used. 

Early oil burners were of the steam-atomizing type, 
using steam at about 150 lb pressure and oil at a pressure 
of approximately 40 Ib and a temperature of 140 to 
150 F. Although these burners were satisfactory for 
early boiler installations, their capacity was limited, 
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Fig. 3—Combined efficiencies of furnace, boiler, super- 
heater and air heater, oil and gas fuel 


and they required approximately 3 per cent of the 
steam output of the boiler to atomize the oil. They 
were later almost entirely superseded by the larger 
capacity and more efficient mechanical-atomizing burner. 
Recently, a high capacity steam-atomizing burner has 
been developed which is interchangeable in the same air 
register with mechanical burners and is reported to use 
from 0.6 to 1.3 per cent of the steam generated for 
atomization and to have a wide capacity range. The 
more commonly used mechanical-atomizing oil burners 
can be combined in the same air register with natural- 
gas and pulverized-coal burners, and the fuels can be used 
interchangeably. 

When changing from oil to gas fuel, the oil burners 
should be either immediately removed and cleaned or 
thoroughly scavenged with steam or air to prevent ac- 
cumulation of carbonized deposits in the small holes and 
slots in the burner tips. When burning other fuels, the 
oil-burner assembly including the air-diffuser plate is 
pulled back in the air register to protect it from the 
heat of the furnace. 

Early gas burners were constructed on the principle 
of the Bunsen burner, a considerable number being lo- 
cated in the furnace floors or walls and the gas being 
burned at a pressure of 1 Ib or less. The modern gas 
burner usually consists of a circular ring or box placed 
on the inner side of the air register in which small 
holes are drilled at a suitable angle to permit the gas 
to flow into and become thoroughly mixed with the in- 
coming turbulent air stream. 

Analyses of representative samples and combustion 
data for fuel oil and natural gas are given in Table 1. 
The ratio of carbon to hydrogen is considerably higher 
in oil than in gas fuel, while the air required and the 
water vapor formed are considerably less. With the 
same flue-gas temperature this will show about 4 per 
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cent greater stack losses for gas than oil. While this 
should be considered when comparing the purchase 
price of the two fuels, actual losses in the use of gas 
fuel above fuel oil are usually less than the theoretical, 
because gas fuel deposits little or no soot on the boiler 
heating surfaces, soot blowing is not required and the 
average heat transfer is better. 

Air requirements and products of combustion of oil and 
gas fuels as secured from test data on the boilers de- 
scribed in this paper are shown in Fig. 2, the compara- 
tive tested efficiencies being shown in Fig. 3. It is 
interesting to note, in the latter illustration, the com- 
parison of heat-balance efficiencies of the two fuels, as 
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600 


calculated from their analyses and the exit-gas tem- 
perature, with the tested values obtained by weighing 
the oil and metering the gas. Since the heat-balance 
method includes all radiation and unaccounted-for losses, 
it is felt that the average differences of about 1.25 
per cent between the two methods represents closely the 
radiation losses from the boiler tested. With a fuel of 
uniform composition, the heat-balance method pro- 
vides a rapid and reasonably accurate method of check- 
ing boiler performance at any time. 

When burning gas fuel, practically no flame shows 
in the furnace and temperatures are low, seldom ex- 
ceeding 2400 F. Refractory maintenance is much 
reduced, radiant heat is less, and more convection heat 
is available for the boiler heating surface. Under 
certain conditions with convection-type superheaters, 
this will result in higher superheated-steam temperatures 
with gas than with oil. These relations are shown in 
Fig. 4. 

This boiler room is located on the third floor of 
the station building, with tiled floors that are regu- 
larly waxed and polished, large windows and excellent 
lighting, and has a general atmosphere of cleanliness and 
comfort. 
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Combustible Gas Indicator Used 
for Detection of Hot Spots in 
Coal Storage Piles 


By GEORGE F. CAMPAU 


Technical Engineer, Marysville Power Plant, The Detroit 
Edison Company 


It has been the practice of The Detroit Edison Com- 
pany for a number of years to make routine surveys of 
its coal storage piles for detecting hot spots before 
spontaneous combustion occurs. Until recently at the 
Marysville Power House, we measured the temperature 
of the coal by driving a pipe containing a thermocouple 
into the stock piles and reading the temperature on a 
portable potentiometer pyrometer. Readings were taken 
at approximately 20-ft centers and depths of 5, 10, 15, 
20 and 25 ft. If temperatures exceeding 145 F were 
encountered, a survey of the area at this temperature 
was made on centers of at least 5 ft. Since our storage 
piles are 30 ft high and contain as much as 130,000 tons 
of coal, this method was quite laborious and took con- 
siderable time. Moreover, it was not always successful 
in detecting hot spots, as occasionally in reclaiming 
storage piles a hot spot which we had failed to find was 
encountered only a few feet away from a thermocouple 
exploration point. 

The labor and time involved and the failure of the 
thermocouple method always to locate hot spots led us 
to investigate another method of detection using a 
portable combustible gas indicator instrument. This 
equipment consists of a combustible gas indicator cali- 
brated for methane, a '/,-in. brass sampling pipe and 10 
ft of rubber hose. The sampling pipe is closed and 
pointed at the bottom end to facilitate shoving it into 
the stock pile, with perforations on the sides near the 
bottom through which the gas sample is drawn. 

Routine surveys of the coal stock piles are made in a 
manner similar to the thermocouple method except that 
gas samples are taken at only one depth along the top 
of the storage piles and tested with the combustible gas 
indicator. After the indicator has once been adjusted 
for operation, a survey point can be tested for the pres- 
ence of combustible gas in a couple of minutes. The 
instrument is calibrated to read 100 per cent when the 
mixture of gas and air corresponds to the lower limit of 
explosibility in air. For methane this is 5 per cent gas 
and 95 per cent air. It has been our experience that 
we have found no fire unless a reading of 30 per cent or 
more of the lower explosive limit was indicated. How- 
ever, if a reading of 10 per cent or more is indicated, we 
then explore the area with a thermocouple and try to 
locate the exact position of the hot spot. 

Using the thermocouple in conjunction with the com- 
bustible gas indicator may seem paradoxical. This 
seems necessary, however, since any gas distilled from a 
hot spot down in the pile seems to diffuse over con- 
siderable area. This fact makes it comparatively easy 
to locate an area containing a hot spot by using a com- 
bustible gas indicator, whereas it might be missed if 
only a thermocouple were employed. The diffusion of 
the gas is probably due to our not entirely eliminating 
segregation in building the storage piles and as a result 
there are seams of coarse coal running up through the 
piles. 
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The paper deals principally with steam 
generating units and methods of firing as 
employed in recent industrial power plant 
installations. An analysis of about four 
hundred such installations indicates a 
trend toward larger units and higher 
steam pressures, bent-tube boilers, in- 
creased use of heat-recovery equipment, 
and stokers breaking about even with pul- 
verized coal firing. Much of the advance- 
ment in industrial power plant practice 
has been predicated on experience gained 
in the central station field. Boiler set- 
tings, feedwater conditioning and steam 
purification are also discussed. 


S WOULD naturally be expected, pioneering and 
A development in connection with the use of high- 
ptessure, high-temperature steam has been as- 
sociated primarily with those undertakings in which the 
cost of power production represents a major factor in 
the cost of doing business. It is, therefore, to the public 
utility field that credit must go for creating the demand 
for ever-increasing economy in the use of fuel for the 
production of power. Development of much of the 
present-day large high-pressure, high-temperature equip- 
ment is the direct result of this demand. In the utility 
field a pressure range of 1200 to 1400 Ib has become 
fairly well established for both condensing and super- 
posed installations, as shown by the number of installa- 
tions made during the past few years; although there 
are indications that as new stations are projected many 
will employ a pressure of 800 to 900 Ib and high 
steam temperatures. In fact, several such plants have 
been laid down during the past few years. 

The situation with regard to steam temperature is 
less stabilized than that of pressure. As long as the 
practice of reheating the steam after partial expansion 
through a high-pressure turbine was in vogue, the tempera- 
ture was limited to about 800 or 825 F. However, with 
the obvious desirability of avoiding the complications 
of the reheating cycle and reluctance to recede from the 
high pressures already established, the demand for higher 
steam temperatures to insure a normal dryness of steam 
through the turbine became insistent. As a result, 
many of the later central station installations employ 
temperatures from 900 to 915 F and a few even exceed 
this. There is a disposition to hesitate at about 900 F, 
as a maximum steam temperature and there is little, if 
any, discussion at present of temperatures exceeding 950 
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Present Trends of 
Industrial Power Plant Practice 


By F. H. ROSENCRANTS, Vice President 
Combustion Engineering Company, Inc. 
New York 


F. Further advances will depend upon metallurgical de- 
velopments and experience. 

Large units and varying conditions, making standardi- 
zation impossible, have characterized recent utility 
installations. 

These brief comments on utility practice with reference 
to pressure and steam temperature have been made 
for the purpose of revealing the consequent very firm 
foundation for the design of steam-generating equip- 
ment to satisfy the more moderate demands of the 
majority of industrial installations. In a few instances 
the requirements of the industrial plant have been com- 
parable with those of the utilities, but they are the ex- 
ception rather than the rule. Aside from these few 
exceptions, industrial requirements fall below 1000 Ib 
pressure and rarely exceed 750 F total steam temperature. 

Where steam is required for process operations it is 
seldom at more than 100 to 150 Ib, and frequently less. 
Where process and heating requirements dictate two or 
more pressures it is usual to bleed the turbine for steam 
at the higher pressure or pressures and exhaust at the 
lower pressure. The justification for generating equip- 
ment in excess of these pressures lies, of course, in the 
value of the power that may be generated by expanding 
high-pressure superheated steam through the turbine 
down to the pressure required for process work. The 
ideal initial pressure is that which will produce the exact 
power requirements when the quantity of steam de- 
manded by process is expanded through the high-pres- 
sure turbine to the process pressure. The corresponding 
initial steam temperature should be such that after 
passing through the turbine the steam will issue into the 
process lines in a saturated condition or with only a few 
degrees of superheat. For this reason there is not the 
necessity for high initial steam temperatures such as 
exists in the straight-condensing cycle. 

Of course, there are instances of industrial plants 
where power production alone is the sole objective and 
in such cases many factors enter into the decision as to 
steam pressure and steam temperature. Among these 
may be mentioned the cost and character of the fuel 
available, the capacity of the units, the character of the 
feedwater supply, skill of the operating personnel and 
its corresponding expense which plant capacity justify. 

After steam conditions have thus been tentatively 
determined it may be found advisable to shade them 
slightly in order to save the expense of heavier valves 
and fittings. The A. S. M. E. Boiler Code permits the 
use of cast-iron feed and blowoff valves for pressures up 
to 200 Ib, above which steel must be employed; whereas 
bronze valves are allowed up to 240 Ib. Steam service 
valves, including stop valves, are built of steel in 200-, 
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300-, 400-, 600-, 900- and 1500-lb standards. The 
allowable working pressures, as prescribed by the Code, 
are modified up or down according to the amount by 
which the steam temperature is under or exceeds 750 F. 
Thus a 300-lb valve is good for 390 lb pressure at tem- 
peratures not exceeding 450 F and a 600-lb valve is good 
for 720 lb with temperatures up to 550 F. At 750 F 
steam temperature the allowable working pressure cor- 
responds with that at which the valve is rated, but with 
temperatures exceeding 750 F the allowable pressure is 
less than that stamped on the valve. Safety valves, on 
the other hand, are rated in accordance with manu- 
facturers’ standards and are not modified by temperature. 


Trends as Reflected by Recent Installations 


With the foregoing points in mind an analysis of con- 
tracts for steam-generating equipment, involving ap- 
proximately four hundred industrial and institutional 
installations negotiated during 1936 and 1938, are of 
interest as reflecting present trends. These involved 
equipment built by a number of manufacturers. 

Fig. 1 shows the size of boilers in square feet of heating 
surface plotted against the number of installations (not 
individual units). While the points are scattered and 
do not fall on a curve, it is apparent that there is a 
marked trend toward units of medium and fairly large 
capacity. This, of course, does not mean that small 
units are not being installed where load conditions so 
dictate, as will be apparent from the considerable 
number shown on the chart, but rather that the trend 
for a given plant is toward fewer units of larger capacity, 
in contrast with the practice some years ago of installing 
a multiplicity of small units. The improved reliability 
of steam generating units, their increased efficiency, the 
lower initial cost of large units for a given steam capacity, 
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Fig. 1—Installations involving various size units 


as compared with two or more smaller units and con- 
sequent reduction in operating expense have been re- 
sponsible for this trend. 

Fig. 2 represents the same installations plotted against 
steam pressure. This shows that approximately half 
are for pressures in excess of 260 lb per sq in. and over 36 
per cent are above 411 Ib. Neglecting the few very 
large units for extremely high pressures, it will be found 
that the majority of medium capacity units, that is, 
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those from 40,000 to 150,000 lb of steam per hour, fall in 
the range of 400 to 750 lb, while most of the smaller units 
are designed to operate at pressures under 260 Ib. 
Frequently, the purchaser stipulates that the boilers 
supplied shall contemplate future operation at some con- 
siderably higher pressure and temperature than that for 
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Fig. 2—Installations plotted against pressure 


which they are to be placed in operation initially. 
While this may be a wise precaution in many cases, it 
nevertheless involves a substantial additional cost over 
and above the cost of equipment that would satisfy the 
lower pressure requirements. Although the thickness 
of all pressure parts, aside from fittings, must be 
such as to meet Code requirements for the high 
pressure, the diameter of the steam drums must be 
greater for the lower pressure because of the greater 
volume of steam for a given output. As to fittings, 
they may be selected initially to meet the high-pressure 
requirements or they may be selected for the lower 
pressure and changed later. In any event, the boiler 
will cost more than if it were designed for either low- 
pressure or high-pressure operation alone. Despite 
this, the plant may be in a transition stage from low- 
pressure to high-pressure operation, in which certain 
low-pressure equipment is still serviceable, and the 
economics of the problem may fully justify the added 
cost. Generally speaking, conditions surrounding in- 
dustrial plants do not warrant superposition to the 
extent that obtains in many central stations. 
Conditions may also dictate the desirability of operat- 
ing initially with little or no superheat, usually in com- 
bination with a pressure increase. Initial superheats of 
50 to 100 deg, with provision for future operation at 
200 to 300 deg, are quite common. This appears to be 
a more usual requirement among inquiries received than 
no superheat initially and provision for the installation 
of a superheater at some later time. In either case the 
boiler passes and baffling as originally installed must 
contemplate the future ultimate requirement and pro- 
vide the necessary space for the superheater installation. 
Where only a low degree of superheat is desired initially it 
is usually wise to lay out the superheater headers so that 
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they can accommodate the larger superheating surface 
contemplated for future conditions. The additional cost 
of such headers is usually small compared with the 
savings that will result when it becomes necessary to 
fulfill the ultimate requirements. Where no superheat 
is initially desired but is contemplated later, it becomes 





Fig. 3—Unit with bypass superheat control 


an open question whether the headers should be installed 
as part of the original project. 

Usually, operating conditions result in a superheat 
temperature that increases with the steam output of the 
boiler. In some industrial installations this range of 
temperature over the operating range of the boiler can 
be tolerated. Means, however, have been developed 
for limiting this rise in steam temperature and in many 
instances the desirability of so limiting and regulating 
the steam temperature over the upper range of capacity 
justifies the costs. Numerous schemes have been 
employed such as spraying water into the steam line, 
carrying the steam through a surface-type desuperheating 
device located in the boiler drum, etc.; but bypassing 
the superheater with a part of the products of combustion 
has rapidly become accepted as the most desirable and 
least expensive means. Such an arrangement is pro- 
vided in most of the large units operating at temperatures 
around the 900 F mark, and although there are only a 
few industrial boilers equipped with temperature control 
devices, the idea seems to be receiving increasing con- 
sideration. Fig. 3 shows such an arrangement. 


Types of Boilers 


The analysis, previously mentioned, showed 82 per 
cent of the boilers involved to be of the bent-tube type; 
approximately 40 per cent were fired with pulverized 
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coal; 43 per cent were stoker-fired and 17 per cent burned 
oil or gas. Economizers were called for in 16 per cent 
of the cases and air heaters in nearly 40 per cent. The 
number of air heaters checked very closely with the 
number of pulverized-coal installations, which was to 
be expected. 

Unlike the utility field, it has been possible to apply 
a greater degree of standardization in design to the in- 
dustrial field, although varying steam conditions, fuel 
characteristics and differences in operating conditions 
are a bar to complete standardization. For units of 
30,000 to 200,000 Ib per hr capacity the two-drum bent- 
tube boiler has found wide acceptance, although in the 
upper ranges of these capacities, and larger, many of the 
three- and four-drum bent-tube types have been installed. 
For the smaller capacities both bent-tube and straight- 
tube boilers, as well as fire-tube boilers, are being em- 
ployed. Fig. 4 shows a typical four-drum unit in- 
stalled in an industrial plant and Fig. 5 is a two-drum 
unit of a design that has been standardized to a con- 
siderable degree. 

Water-cooled furnaces have become accepted practice 
for units of large and medium capacity, particularly 
where pulverized coal is burned. With stokers complete 
or partial water cooling is employed according to the 
conditions and the ignition arches are often water cooled. 
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Fig. 4—Typical four-drum stoker-fired unit 








For smaller units, particularly those which are stoker- 
fired, refractory furnaces predominate. 

Boiler settings of various types and degrees of con- 
struction will be observed among industrial plants. The 
crudest, perhaps, are those of red brick with a minimum 
of firebrick lining, inadequate provision for expansion 
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Fig. 5—Two-drum standardized design 


joints and poorly buckstayed. Some may be of the 
same materials but well constructed. Up through the 
scale of construction will be found settings having 
various proportions of red brick and first, second and 
third quality firebrick, or solid firebrick settings with 
various proportions of first-, second- and third-quality 
brick. Finally, there are well-constructed _firebrick 
settings covered with in- 
sulating material over 
the entire surface and 
protected with a tight 
steel casing. Fig. 6 
shows details of such a 
setting for the two-drum 
type of boiler illustrated 
in Fig 5. 

While a suitable set- 
ting may be had from any 
of these combinations, if 
the job is well engineered 
and properly executed, 
the author is partial to 
the best there is in the 
setting line. A firebrick 
job that is properly de- 
signed and constructed, 
well insulated and pro- 
tected with a steel cas- 
ing should pay dividends 
over a period of years 
in a reduction of heat 
losses. No reasonable 
amount of brick is equal 
in insulating value to the 
proper thickness of a 
good insulating material 
of the kind commonly 
used. to insulate boiler 
settings. On the other 
hand, deterioration of 
a steel-cased job, par- 
ticularly where the fur- 
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nace is water cooled, is practically nil in comparison 
with the ordinary run of brick settings. Its permanency 
and low maintenance merit commendation. A coat of 
paint applied to the steel-cased setting will restore its 
appearance and render it comparable in this respect to 
anew job. The effect of this on the morale of the opera- 
tors is likely to be worthwhile, whereas the appearance 
of a brick setting after a few years may be such that 
neither the operating force, the management nor the 
manufacturer will be proud of it. 


Methods of Firing 


The method of firing industrial power boilers is 
governed to a large extent by local conditions. In 
certain localities where oil and gas are abundant at at- 
tractive prices these fuels receive first consideration. 
However, inasmuch as a furnace proportioned for oil 
or gas firing is also well adapted to burning pulverized 
coal, many such installations are laid out with provisions 
for changing over to pulverized coal should future con- 
ditions make this economically desirable. Such pro- 
visions enable the management to take advantage of 
changing competitive fuel prices and are often most 
convenient when negotiating contracts for fuel. 

Although the majority of large steam-generating units 
are fired with pulverized coal, stokers and pulverized coal 
break about even for the medium capacities and the 
former leads in application to small capacity units of 
less than 25,000 to 30,000 Ib of steam per hour. For 
caking coal, particularly as mined in the East, the under- 
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Fig. 6—Steel-cased setting details for unit shown in Fig. 5 
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feed type of stoker finds its widest application whereas, 
for free-burning bituminous coals, anthracite and lignite, 
the traveling-grate stoker is extensively employed. 
During the past few years the spreader-type stoker has 
been finding favor in the Middle West. Fig. 7 shows an 
installation employing this type of stoker. 

While it is true that coals covering a wide range in 
characteristics can be burned more successfully in 
pulverized form than on any one type of stoker, it is 
erroneous to assume that all such coals can be burned 
with equal facility when pulverized. In other words, 
careful consideration should be given to the selection of 
fuel-burning equipment in each individual case, regard- 
less of what may appear to be the popular trend. 

It occurs to the writer that for the smaller boiler jobs 
the selection of pulverized fuel equipment does not 
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Fig. 7—Two-drum boiler with spreader stoker 


always take into full consideration the possible hazards 
involved, and that in many such instances stoker equip- 
ment might be a wiser selection. The type of installa- 
tion referred to is that wherein a single boiler with a 
single pulverizer may be called upon for considerable 
periods to operate at light load rating. Under such 
conditions furnace ignition can be very easily lost due to 
a variety of causes such as failure of coal supply to the 
mill, because of the coal hanging up in the bunker, in 
the spout, in the weighing equipment, in the hopper 
over the mill or in the feeder. Wet coal or frozen coal 
will aggravate failure from this cause. Where com- 
bustion is under automatic control sudden changes in 
load at light rating are likely to result in loss of ignition. 
With the furnace hot, puffs of more or less violence 
almost invariably ensue upon re-establishing the coal 
flow and while it is rare that one of these puffs is suf- 
ficient to do any damage, there is always the possibility 
that it may. Under such conditions it seems that stoker 
equipment, on the whole, would be a better selection. 

As a means of taking care of such interruptions under 
light load conditions with a single-boiler, single-mill 
job, an ample size torch fed by either oil or natural gas, 
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depending upon economic availability, is one solution. 
An alternate suggestion is to insure a steady flow of 
pulverized coal to the burners by placing a small pul- 
verized coal storage bin with a feeder between the mill 
and the burner. The bin need not be more than suf- 
ficient for a one hour’s supply at full capacity. This 
would last for several hours with the mill shut down 
entirely and the boiler operating at light load. Aside 
from the greater reliability which may result, this ar- 
rangement permits the adjustment of air to the burner 
under light load conditions entirely independent of air 
requirements for proper mill performance. It is the 
writer’s belief that the idea has much to commend it and 
that the slight additional cost would not be a matter for 
serious consideration. Otherwise, it is certain that the 
reliability of the single-mill, single-boiler job as installed 
for direct firing leaves much to be desired; particularly 
when called upon to operate under light load conditions. 

Inasmuch as the character of the fuel has a direct 
bearing on furnace proportions and arrangement, in 
addition to being a determining factor in the selection 
of fuel-burning equipment, it is important that the 
steam-generating unit be considered in its entirety when 
laying out an installation. To this end the consulting 
engineer or the user’s engineer should work in closest 
harmony with the manufacturer of boiler and fuel- 
burning equipment and complete information on the 
characteristics of the fuel to be burned should be avail- 
able. Where it is anticipated that a considerable range 
in fuel may be burned during the useful life of the 
equipment, this should be clearly understood at the 
start so that the design may take this into consideration. 


Feedwater Treatment 


Closer attention is now being given to feedwater con- 
ditioning for industrial power boilers. This is due not 
only to the prevalence of higher pressures than formerly, 
but also to the higher steaming rates now generally 
employed. Knowledge concerning feedwater and its 
treatment is being slowly and laboriously accumulated 
through research and experience. No other phase of 
practical boiler operation has received so much attention 
from highly qualified experts. While much pioneer work 
has gone on in the utility field, industrial plants, because 
of the high percentage of makeup, often present a more 
intensified problem. In such cases it is not always 
economically practical to provide evaporators. Chemi- 
cal treatment, together with precipitation, may remove 
certain of the soluble solids and filtering much of the 
suspended solids. The treated water, however, will still 
carry a high solid content but of a character more suited 
to boiler operation than the original water. To main- 
tain the solid content in the boiler water below certain 
limits requires routine blowdown or, what is better, a 
continuous blowdown system provided with heat trans- 
fer equipment for recovering much of the heat in the 
blowdown. 

Water conditioning is essentially a chemical problem 
that warrants the guidance of competent specialists in 
that field. Its proper maintenance, however, is an 


operating problem in which responsibility rests with the 
plant management. 

So-called ‘‘caustic embrittlement,” the bugaboo of 
many years’ standing, has been the subject of much 
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research. Much has been learned as to its cause, but 
its positive prevention under various conditions of 
practical boiler operation, as distinguished from labora- 
tory experiments, is yet to be determined: While the 
subject is one which comes in for much discussion and 
some argument among experts, they all appear to agree 
on at least one point, namely, that the effects of caustic 
embrittlement are decidedly aggravated where the 
material has been subjected to high stress, that is, a 
stress above that normally occurring due to the internal 
pressure only; hence the desirability of maximum 
freedom for expansion in the matter of restrictions 
imposed by settings, structural supports, etc. Main- 
tenance of the recommended sulphate-alkalinity ratio 
has done much to eliminate troubles from embrittlement 
which were at one time very prevalent; yet despite 
rigid adherence to this ratio, cases of caustic embrittle- 
ment occasionally loom up in specific instances. With 
the adoption of welded drums, however, the manifesta- 
tion of damage due to embrittlement is restricted pretty 
largely to the tube seats, whereas in the days of riveted 
joints these were the first features to show distress. 


Steam Washers 


Steam washers are a development that has gone for- 
ward at an active pace during the past four or five years. 
The need for such equipment was emphasized by the 
difficulties experienced from troublesome deposits on 
the blades of high-pressure turbines, which often ac- 
cumulated to such an extent in a few weeks as to 
cause serious loss in turbine capacity and efficiency. 
These deposits, of course, come from only one source, 
namely, solids carried by the steam from the boiler. 
They may be either water soluble or insoluble. The 
former are usually found in the high-pressure stages of 
the turbine and the latter in the low-pressure stages. 
As a rule, little trouble is experienced at pressures below 
300 Ib. The usual procedure for the removal of such 
deposits is to wash them out by periodically passing wet 
steam through the turbine while the rotor is revolving 
slowly. This procedure will remove the soluble de- 
posits but to remove insoluble deposits it sometimes 
becomes necessary to take the machine out of service, 
lift the cover and mechanically remove the deposits. 

The obvious answer is to eliminate the cause of the 
trouble by eliminating the solids in the steam by means 
of a steam washer. It should be pointed out here that 
the steam washer is not a device for reducing the amount 
of moisture carried from the steam drum to the super- 
heater. The basis of its operation is the substitution 
of incoming feedwater, of comparatively low solid con- 
tent, for the relatively high concentrated boiler water 
carried by the steam. To illustrate, suppose that the 
water in the boiler has a solid content of 2000 ppm and 
that the incoming feedwater has a solid content of 200 
ppm. In the absence of washing equipment a 1 per cent 
moisture content in the steam would mean 1 per cent of 
2000 or 20 ppm solid carryover in the steam. If now we 
install washing equipment and substitute incoming 
feedwater for boiler water as moisture in the steam, the 
solid content will be 1 per cent of 200 or 2 ppm. Fig. 8 
shows one widely used type of steam washer installed 
in the steam drum in which the steam is washed by 
bubbling up through the clean feedwater. 

Steam washers are, of course, an added auxiliary and 
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as such represent an added expense in the case of boilers. 
However desirable they may be in conjunction with 
high-pressure boilers operated in combination with 
turbine equipment, wherein the water carries solids of a 
character which will result in troublesome deposits on 
the turbine blade, there is no justification for their uni- 
versal adoption. Going to the other end of the scale 
there certainly is no justification for steam washers in 
a boiler which is going to operate at any pressure up to 
100 or 200 Ib per sq in. and which has no superheater 
and the steam from which is to be used entirely, say, 
for heating or for process work. For comparatively low 
pressure turbine operation, that is, 300 lb, the likelihood 
of any difficulty arising from deposits in the turbine is 
very much less than is the case in the 500 to 700 lb or 
above. Furthermore, there are many instances in 
which the character of the solids is such that they pass 





Fig. 8—Bubble-type steam washer 


through the superheater and turbine without giving 
trouble. While all of the elements which will and will 
not give trouble are far from being completely cataloged, 
it has been very definitely established that silica in 
many of its chemically combined forms and sodium hy- 
droxide are among the worst offenders. The foregoing is 
not intended to be used as a detailed guide concerning 
the adoption, or otherwise, of washing equipment but is 
intended only to give an idea of the function of washers 
and the manner in which they accomplish their objective 
and their field of usefulness. 


Conclusion 


In conclusion, attention is directed to the points men- 
tioned earlier in this discourse that the requirements 
particularly as apply to pressure and temperature, for 
the normal industrial plant, rest upon a very firm founda- 
tion of experience developed in meeting the higher re- 
quirements dictated by the utility industry. The in- 
dustrial field, however, has many problems peculiarly 
its own associated with water treatment and with 
widely varying loads and with long periods of light load 
operation which call for a high degree of judgment on 
the part of the designing and operating engineers. 
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RADIANT HEAT EXCHANGE 


in 


Boiler Furnaces 


By GEO. A. ORROK and N.C. ARTSAY 


Orrok, Myers & Shoudy 
Consulting Engineers, 


This is a rational discussion of the sub- 
ject in which the results and limitations of 
various theoretical and mathematical 
analyses are pointed out. With these asa 
background, certain modifications are 
suggested in the light of actual operating 
conditions and simplified empirical ex- 
pressions are offered. These are checked 
with the results of a large number of boiler 
tests, which are appended. 


ALUABLE additional contributions to the knowl- 

edge of radiation in boiler furnaces have been made 

in the last five years. The theoretical and mathe- 
matical side of the problem has been perfected by Messrs. 
Wohlenberg, Hottel, De Baufre and others, and is avail- 
able through the A. S. M. E. publications. Extended 
observations are being made on the rates of radiant heat 
absorption in different parts of furnace envelopes. _Lit- 
senberger has offered a simplified method of radiation 
estimation and Koessler has perfected an experimental 
apparatus for measuring total radiation in random spots. 
The work of A. Schack is already well known. The work 
of developing oil cracking stills indicates the increasing 
importance of controlled heating of the oil by radiation 
and extensive tests have been carried out. Wilson, 
Lobo and Hottel have published! a most valuable set 
of data on radiant heat absorption in oil stills and a com- 
prehensive empirical formulation. 

So the observational material accumulates and the 
mathematical methods are perfected, but still very little 
use is being made of the latter. There are many in- 
stances where large discrepancies between the expected 
and the actual gas temperatures have been encountered. 

It is worth while to review the situation. There ap- 
pears to be evident reluctance to apply the perfected 
mathematical methods of radiant heat estimation, but we 
cannot suppose that this is due to the lack of engineers 
with sufficient mathematical ability, nor that there is a 
lack of time for such a study, however laborious it may 


1 Industrial and Engineering Chemistry, May 1933. 
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be. The cause is much more serious, due to the difficul- 
ties in applying the known laws of radiation, and mis- 
givings about the assumptions which are usually made 
or implied. 

The radiant heat exchange in boiler furnaces can be 
estimated in two general ways: First, we may deter- 
mine radiant heat absorption by cold surfaces and sup- 
plement it by calculating the residual sensible heat con- 
tent in gas and the final temperature of gas at which the 
latter leaves the furnaces. The second way would be to 
determine the final gas temperature and sensible heat in 
it at this thermal level and, by deducting this residual 
heat in gas from the initial sensible heat content, to 
obtain the heat absorption by cold surfaces. 

By far the most important factor is the furnace tem- 
perature, and by this time we are all aware that the 
measuring or estimating of this temperature is fraught 
with serious errors. Calculations of this temperature 
are of doubtful value because we do not know the com- 
position of the gas in different parts of the furnace 
volume, nor the local rates of combustion. Observed 
temperatures of flames show such thermal stratification 
that averaging of temperature in the furnace for use in 
the Stephan-Bolzman formula is absolutely out of the 
question. Next come the factors of flame transparency, 
emissivity and absorptivity. These have been investi- 
gated lately and show such large variations that the 
selection of them is rather a matter of experienced judg- 
ment. 

Many authors select the outer flame contour as the 
radiating surface, while being aware that the radiation 
from flames is in a large measure a volume radiation. 

The temperature of water-cooled furnace walls is 
usually approximated to that of water or steam, but is 
sometimes neglected entirely as insignificant in the fourth 
power when compared with the fourth power of flame 
temperature. The radiation absorbing surface of tubes 
covered with iron oxide, slag and dust is by no means in 
good contact with the solid metal of the tube and its 
temperature may be only a few hundred degrees Fahren- 
heit below the furnace temperature so that the net 
radiant heat exchange is strongly affected by the status 
of this surface. DeBaufre was the first to point this out. 
Recently Zeuner has reported an experience at the Boeh- 
len Station (Germany). The temperature of the middle 
metal in the fins of the furnace fin-tube envelope has 
been measured and for a certain constant rating the re- 
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sults were as follows: Immediately after lighting the 
fires, 680 C; after six hours operation, 620 C; after four 
days operation, 400 C. 

This temperature variation at the same rating can be 
explained only by the changed rate of radiation absorp- 
tion. Saturation temperature being 235 C, we can see 
that the variation in radiant heat absorption by the fins 
was of the order of 2.6 to 1.0, all of it being due to the 
different states of cleanliness of the outer layers on the 
surface. These temperatures were taken at the middle 
of the width and thickness of the fins; therefore much 
higher temperatures should be properly expected on the 
exposed surface. It has often been observed that new 
boilers are short of superheat and the usual explanation 
has been that tubes in the first rows before the super- 
heater are abnormally clean and absorb too much heat 
when new. A quantitative analysis of this situation 
would easily show that the cleanliness of the first rows 
cannot account for the whole effect and some reduetion 
in radiant heat absorption when the surfaces reach a 
state of ‘dirt equilibrium’’ should also be assumed. 

The effect of excess air has been introduced in calcula- 
tions often with much unwarranted refinement. It is 
obvious that the amount of excess air which is effective 
in the radiating portions of the flame is by no means 
equal to that which is measured in the averaged gas. 
It is quite likely that the intensely radiant parts of the 
flame are always short of oxygen. The mixing of gases 
is not instantaneous and in the calculations of total 
emission from a portion of a flame the temperature if 
averaged becomes rather an arbitrary figure. 

Besides the main and obvious factors influencing the 
radiant heat exchange, there are a multitude of secondary 
or doubtful factors. There is a slowly growing realiza- 
tion among engineers that the usual main assumption, 
namely: that the thermal level of radiation is that of 
flame or “furnace”? temperature, is wrong. A closer 
study of the basis on which the general (Planck’s) law 
of radiation and its integral, the Stephan-Bolzman 
formula, are built, would show that the fourth power 
temperature law does not apply to furnaces where chemi- 
cal processes of oxidation take place. 

It is very curious to note that in the matter of heat 
transfer between fluids we are already sharply distin- 
guishing the cases where a change of state takes place 
with its attendant high rates of heat transfer, while the 
somewhat analogous case of combustion radiation, or 
“‘chemiluminescence,”’ is still treated as radiation of 
solids. There is a possibility that radiation during the 
chemical reaction might be a large fraction of the total 
radiation and rather independent of furnace or flame 
temperature at atmospheric pressure. 

The term ‘furnace temperature” is a very misleading 
one. Strictly speaking there are several energy levels or 
equivalent temperatures, for instance, we may conceive 
first the high levels at which the ‘‘chemiluminescence”’ 
takes place, then the intermediate levels at which the 
produced and stabilized molecules of CO, CO2 and H:O 
exist before the next molecular collision, then the gradu- 
ally lower energy levels of furnace gas, the levels of sus- 
pended solid particles in radiant thermal equilibrium 
with cold walls, and average radiant energy and convec- 
tion exchange with the surrounding gas. The speed of 
the processes of solid and gaseous combustion, i.e., gen- 
eration of energy, is of the same order as that of distribu- 
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tion, and for small groups of a few molecules the equi- 
partition of energy among the degrees of freedom may 
not exist and the emission of radiation calculated on 
this assumption may be quantitatively far off. 

It is thus advisable to proceed from the heat balance 
standpoint at the furnace exit. 

Several years ago, Broido noticed a certain consis- 
tency between the fraction of total sensible heat absorbed 
by radiation and the amount of heat liberated per unit 
of surface exposed to radiation and drew his curve. At 
the same time the old Hudson formula was modified to 
include the most important factors and the following 
simple expression was obtained: 


1 


A 


M = 





(1) 


where: 
M = Fraction of total actually liberated sensible 
heat absorbed as radiation. 
A = Pounds of air per pound coal. 
C, = Pounds of good bituminous coal per square 


foot of projected surface exposed to radi- 
ation. 


Some writers have commented on the satisfactory 
agreement usually obtained when applying this empirical 
formula, and we are offering a modification of this 
formula to include a variety of fuels. 


1 

POH ons 
l+—o ag F 
+iqF 


M and A are as before and 





M= (2) 


where: 


F, = pounds of combustible in the fuel fired per 
hour per square foot projected radiant 
surface. 


In the case of preheated air the additional heat in the 
air should be included in the total heat liberated. In 
the case of gas recirculation as in oil stills, ‘‘ A’’ will be 
total gas per pound of fuel minus one pound. 

This expression is purely empirical, giving satisfactory 
results in the range of gas temperatures 1500 F to 2800 F. 

It does not apply for very low furnace loads and also 
for very high loads when additional phenomena of tem- 
porary molecular overexcitation or hidden energy take 
place. The phenomenon of latent or hidden energy has 
been investigated by Prof. W. T. David? and he found 
that up to 20% of total generated heat of combustion 
may be temporarily latent as manifested by shortage of 
developed pressure during explosions, and in low flame 
temperatures adjusted for radiation loss. The formula 
also contains a little inherent divergence in results with 
fuels high in hydrogen as, for instance, coke oven or 
natural gas due to relatively high amount of air per 
pound of fuel, but the error is smaller than the tolerance 
for tube cleanliness. For these fuels the constant 25 
could be increased by 1 for each 5 per cent hydrogen con- 
tent in the fuel above the 5 per cent usual in coal. 

The fraction of total heat absorbed as radiation, 
usually denoted by M, is a very important item in 
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modern boiler design and operation, but when considered 
broadly and in conjunction with operating conditions 
which are varying widely for the same boiler, this item 
is not sufficiently definite to warrant estimation up to, 
let us say, the third decimal place. So far, we have not 
yet learned what values of M to select for a boiler design 
for certain conditions of steaming capacities and fuel 
properties. It is very difficult to prove the desirability 
of, for instance, raising M from 0.45 to 0.47 for the 
normal steaming rate in a boiler, or vice versa. During 
a year a boiler designed for M = 0.45 at normal steaming 
might have been operated for a large part of the time at 
two-thirds load; or with such fuels or air ratios that M@ 
fluctuated between 0.40 and 0.50. In short, only a 
reasonable degree of accuracy is actually required of this 
figure and experience has shown that the simpler the 
formulas the more use will be made of it. So for all 
practical purposes an empirical formula for expressing 
the fraction of the total sensible heat which is absorbed 
as radiation should be sufficient. 

Discussions of radiant heat papers have shown a lack 
of agreement of the methods of evaluating the effective 
radiation absorbing surface. The consensus of opinions 
indicates the desirability of developing an unambiguous 
uniform method which could make the results obtained 
by various investigators mutually comparable. This is 
a difficult problem but at a certain sacrifice of detail a 
simple plan is workable on the following basis: 


(a2) With the multiple reflection and reverberation of 
radiant heat in a boiler furnace the effectiveness of the 
cold surfaces is substantially independent of the solid 
angle which these surfaces subtend in respect to the 
center of combustion. In other words, the radiation 
should be considered largely as incident at right angle 
to the major plane surfaces. 

(b) The reflection from cold surfaces is a considerable 
fraction of total reverberation, hence the banks of tubes 
should be considered as effective to certain depths. 

(c) On the strength of (a) the basic surface should be 
taken as a plane or a projection of a curved surface. 

Both (a) and (c) are compromises for the sake of 
simplicity. 

(d) Additional surfaces to the main projected planes 
introduced for reflected radiation incidence should be 
weighted in proportion to their exposure to total radia- 
tion. 

The following simplified formulation is then possible: 

(1) Plane surfaces, locomotive fire boxes for instance: 
Full surface taken into account. Net tube sheet surface 
is increased by the surface inside the fire tubes to the 
extent of 2 to 3 tube diameters; denoting S, as effective 
projected surface, L as exposed length of tubes, d as 
outside diameter of tubes, and c as distance between tube 
centers. 

(2) Water-wall tubes half imbedded in the refractory 
close together 
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S, = 21d 
(3) 


Water-wall tubes leaning against the refractory 
c—d 

2c 
(4) Water-wall tubes at a distance from the re- 


factory 
c-—d 
) 


Tube banks with more than two rows of tubes 


s, = 2 14($+<—4) 
; d Cc 


(6) Water walls covered with refractory blocks. 
Total plane surface, but the constant in the formulas 
should be reduced appropriately. In the absence of 
actual figures of heat absorption by covered water walls 
a reduction of the constant to one third of its value for 
bare tubes might give plausible results. 





s, = 2 La(1 + 





S,= 2 ld(1+ 


(5) 





(7) Fin tube and wing-back water walls. 
A a = z Le 
40 


This method does not claim correct interpretation of 
the physical meaning of the surface’s shape, but the 
adjustments introduced reflect the general, obvious 
weight of the partially shielded surfaces and of surfaces 
receiving the radiation reflected from the cold surfaces. 

Some actual test data are here appended with refer- 
ence to the source. 

Fig. 1 shows actual values of M from test data plotted 


against A or A 
8 Vr “HV 


equations (1) and (2). 

In general the agreement of actual and calculated 
values of M is satisfactory, taking into account the rough- 
ness of certain tests and the lack of data on combustion 
losses. The wildness of certain points has been con- 
sidered in the respective parts of the tables. It is rather 
surprising to obtain such good agreement while the 
various degrees of cleanliness of surfaces have not been 
taken into account. 

R. L. Rude has suggested a graphic representation of 
furnace data derivable from formula (2). Fig. 2 represents 
the most important factors of boiler furnace operation 
tied in such a chart. The rate of radiant heat absorp- 
tion, Btu per hour per square feet (projected) is taken as 
abscissa, with the total pounds of air per pound of coal 


The curve represents 
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CASE NO. 1 

Couche & Havre tests of a locomotive boiler (1874), reported by D. K. Clarke 
in his book on “The Steam Engine." Radiant surface 76.3 sq ft. Coal briquettes 
about 13,000 Btu. Sensible heat liberated 92% * 11,950 Btu per lb. Coke = 12,000 
Btu. Sensible heat liberated 90% * 10,400 Btu per 1b Air per pound of fuel is 
taken at 20 lb for briquettes, 23 1b for coke. 


Rad. heat 
Tuel c Equiv. evap. Heat lib. abgorbed MM actual 

Test fuel lb/hr r 1b/are 0 Btu/hr 10°Btu/hr 
1 Coke 4% 5.7 1820 5.08 1.76 0.347 
2 . 655 8.57 2400 7.63 33 0. 05 
2 be 728 9.53 2640 8.48 2. 0. 302 
® 794 10.4 2650 9.5 2.57 0.278 
? . 772 10.1 2% 9.00 2.09 = 
Briquettes 476 6.23 21 3-87 2.08 0.37 
7 “ Le} 9.73 8. 2.72 0.307 
4 9 12.10 uss, 11.00 3.38 0. 307 
9 . 1025 13.40 3910 \2.2 3.30 0.311 
rt) * 979 12.8 40 11.6 3. 0.295 


*By radiant surface only 
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ests by Prof. J. F. M. Goss of a Jacobe-Simpert and a radial-stay boiler. 
Projected radiant surface in both bollers, 198.5 eq ft; M5 sq ft of tube sheet; 
total 233 sq ft. The observed firebox evaporation should be corrected for the 


tube and tube sheet radiant heat by 193.5 + 34.5 e 
198.5 1.175. 
Beating value of of] = 19,195 Btu/lb. Heat liberated 97% = 15,600 Btu/1bd. 
OIL FIRING TESTS 
Heat 
Firebox absorbed, Heat 
equiv.evap. corrected liberated : 
Test Ld oil/hr lb/hr 10° stu/ar 10° Btu 4 r M calc. 
1j 71% 6136 7.0 13.70 O12 3.16 0.439 air 
23 1%} 10428 11.88 27.10 0? 6.25 0.358 per 
: 3 13 9227 16.52 5.48 =O, 6.00 0.32 lb 
J 215 1168 13.30 39.2 0.90 9.25 0.31% of1 = 
Le 2117 1 12.78 38.5 0.332 9.08 0.316 18.0 
oR 790 6914 7.89 14.37 0,550 eS 0-49 Ib 
7R 1504 974 11.10 27. 0.405 6.45 0.354 (25% 
aR ko u 12.48 26.20 0.476 6.18 0.35 excess) 
9R 2106 11942 13.62 38.40 9-0. 355 «9.05 3=s «0 316 assumed 


Remarke——The combustion air was heated in the brick checker work; therefore the 
actual heat liberated was somewhat larger, The heat in the atomizing steam and 
heat in the of] also affected the heat liberated. ‘These corrections are not in- 
cluded. In general, the high fiqures for firebox evaporation in Professor Goss' 
tests are due to the considerable carryover of water through the steam pipe into 
the barrel which has not been measured. 





face of rotating drums 140 oq ft, Heat absorbed « 5.32 x Btu/hr. Coal fired 
1420 lb/hr. Total heat liberated minus losses » 15.5 x Btu/hr. Hence M = 0. 344, 
Cy = 10.1, M calowlated = 0.333, A 17.0. 


Test of an Atmos boiler by Prof. BE. Josse (V.D.I. Feb. iM 1925). Total ar 


Sherman Creek boiler Mo. 10, The projected surface was, side walls, 326 sq ft; 
superheater, 127 sq ft; turner boxes, 100 aq ft; lower rows of boiler tubes, 135 sq 
ft. Of the total of 688 eq ft, 553 sq ft were on separate circuits (above 80%) in 
which the absorption was observed. Wo data on combustion losses were taken, The 
projected surface of the tube bank corrected for radiation penetration « 


135 (1 +4 x 41) = 135 x 1.87 = 212 eq ft, Total adjusted surface = 765 sq ft. 


Assuming that absorption by the lower boiler tubes per square foot was the same as by 
the side walls the correction factor would be 765 , 1.435. ‘he coal used averaged 


14,200 Btu/1bd; combustion losses assumed 106, leaving available heat per pound = 


12,800 Btu. 

Radiation 

abdgorbded 

Joal fired Hest liber, 10° Btu/hr 

Date lb/hr A Sr 10° Btu/hr corrected ¥ K calc. 
Jan. 1 9 13.2 64.26 41.75 21.9 0. 0.498 
Jan. 1 Ets 4.7 0 0=4,26 ‘. 20.7 a 0.472 
Ted. 4 3640 13.0 4.75 46. 19.9 0.427 0.488 
Jan. 1 3783 13.5 4.95 48.5 20.6 0.425 0.u7l 
Jan. 1 eo 13.7 498 48.7 18.6 0. 382 0.470 
Ted. 5 77 13.0 5.32 52.2 22.2 0.425 0.474 
Jan. 16 i) 14.0 223 58.0 22.9 0.395 0.442 
Ted. 6 13.2 4 63.6 5.9 400.07. 
Jan. 16 a 14.7 7.20 70.5 25.6 0. 363 0.407 
apr. 6 78 13.2 8.60 an 31.8 0.377 0.412 
apr. 6 RP 12.9 10.36 101. 3.2 oa 0.395 
apr. 23 7 13.2 9.70 9.6 33-3 0. 0.397 
apr. 15 7801 14.3 10.2 100.0 3 0. 343 0.372 


The data assumes dry steam entering the radiant superheater, so actually, due to 
the presence of moisture in the steam the absorption wae greater, 





COAL FIRING TESTS 
Total Equiv. 
heat evap. Heat 
Air, 1> Combust. lib. fire- ads. 
Calor. Coal per 1b c losses 10° ptu/ dox,cor. 1 

Test Value ilt/hr of coal ° > hr lb/hr Btu/hr MM calc. 
wily Ww = 20.2 5.87 9.7 17.8 7230 7.02 0.39% 0.356 
wej 1 1657 20.9 7.10 8.6 20.8 8170 7.83 0.385 0.337 
103 3 37 2.0 11,05 12.8 32. 10500 10.18 0.312 0. 

J 11967 n.d 13.3 16.1 31.00 11530 11.20 0.361 0. 
15 j 1 1 12.3 18.60 15.0 49.70 4100 13.68 0.275 0.338 
106 J 13559 9 Wes 1.3 19.15 ¢ 1 . 52.00 4170 13.73 0.264% 0.302 

(as eune 
= : 542 1p? a | 7-55 -r ae 8500 8.2 0.375 0. 

21 6.23 e 5 7520 7.30 0.375 0. 

109 BR «018663 i772 17.9 10.60 10.10 sak 9100 8.83 0.273 0.317 
110m «13498-2903 21.3 12.45 8.8 0 11570 11.20 0.311 0.265 
111 R hd Ws 22.1 18,60 12.0 te:9 14100 13.68 0.274 0.221 
112 R 13065) = b271 16.7 18.30 f 8.05, 51.2 12950 12.55 0.245 0.253 

assume 
CaSB wo. 3 





case wo. 5 
High-pressure boiler. Private information. 3S, © 987 sq ft, 
Coal fired boy absorb. Cc, t liber.* 

Test lb/hr Btu/hr Btu/hr a” A M calc. 
1 450 33.3 4,52 58. 0.567 11.0 253% 
2 2602 19.06 2g 0.567 13.0. 0.5 
3 W025 as 4.08 7 oa he acest 

5215 29.3 5.28 65.4 0. 5.0 0.475 


“Heat liberated includes heat in 
the preheated air above 40 F 


CASE WO. 6 





Tests of a high-pressure series steam generator. Reported by A. A. Potter, 
B. L. Solberg and C. A. Hawkins; A.S.M.Z. Annual Meeting Paper 1931. 


Total projected surface = 64,3 sq ft furnace walls 
aq ft lower convection bank 
3.6 sq ft tubes (corrected) 
Correction for heat absorbed in the furnece wall section to get the total ra- 
diant heat absorption = ae = 1.143 
. * | 


Rad. absorb. Heat 


Total r 1000 Btu/hr liberated 
Test oil lb/hr r corrected 1000 Btu/hr Mu a M calc. 
2 158.7 2.15 1500 2740 0.548 17.3 0.498 
: 171.2 2.32 1560 2955 0.528 18.2 oe 
191.3 2.60 1700 3290 0.517 17.9 0 
6 328 4.5 2250 0.402 19.0 0.385 
8 387 +26 2230 OM. 18.2 «0. 
9 8 86 2100 6110 Oe 19.5 oe 
10 3.40 1660 0. 21.0 0.393 
27 189 2.56 14ho 0. 22.1 0.415 
24 233 3.16 1700 10 O.42s 20.1 o.412 
1 218 2.96 1525 3760 0.405 «(18.9 O45 
12 209.5 2.84 a aye O.40l 17.56 0,45) 
1 189.5 2.37 1 0.419 «21.2 20,8 
1 192 2. 1385 3280 0. 2.2 oO 
5 194 2.64 1395 Pe 0.418 2.2 0.433 
16 25 3.19 1920 0.475 18.1 0.4 
7 229 3.11 1720 3940 0.437 (19.0 0.427 
19 207 2.81 1aho 3580 0.402 19.8 0,429 
2 216 2.93 1570 3730 0.422 19.7 0.426 
21 210 2.8 1535 3 0.423 20.3 0.422 
22 218 2. 1580 3 0.421 20.8 0.412 
3 224 3. pT 0.420 21.0 0,407 
ob8 3.37 1670 0.391 19.8 0.408 
3 ears 3.32 1715 4200 0.413 20.2 0,405 
au. 3.27 pt 4150 0.407 20.6 0.402 
32 209 2.84 1410 3600 0. 22 22.5 0. 3s 
3 206 2.80 140 3550 0. 22.6 0. 
209 2.84 1455 3580 0.406 22.5 0.396 
¥ 193 2.62 138 3340 0.415 22.5 0.fo8 
188 2.55 1 3250 0.417 22.8 o.hos 
CASE NO. 7 


Extensive tests of ofl stills, some of which had recirculation of hot gas give 
the following results. By courtesy of R. L. Rude. 


Actual fuel Heat liter, air & gas 
Muel lb/hr per sq ft Btu/hr per sq ft 1b/1d fuel Mobserv. Mcalc. Heat in 
of recircule- 
Gas 0.65 25200 106.5 0.186 be 4 tion gas 
. 0.75 18800 48.5 0.335 0.37 is added 
" 0.70 16600 39.0 0. 0.434 to heat 
® 0. R 16200 M5 0.469 0.465 liberated 
* 0. 14600 19.0 0.589 0.616 by fuel 
* 0.67 wuioo 21.0 0.5 0.593 
* 0.6 14900 5.5 0.523 5 
” 0. 14900 30.0 0.497 0.507 
“ 0.68 16000 2-0 0.400 0. 
® 0.68 16900 7.0 0.361 0.392 
* 0.73 18900 58.0 0. 280 0. 336 
o41 1.01 28500 65.0 0.2 0.277 
oil 0.95 19700 27.0 0. 0.489 
Gas 0.8 17700 5.5 1-520 0.535 
* 0.94 21.5 520 0.545 
. 0.98 19900 20.¢ 0.523 0.559 
* 0.88 27100 67.5 0. 0.283 
* 0.86 18100 19.0 0.558 0.587 
* 1.98 38700 33-0 0.223 0. 244 
° 1.88 5 0. 50 0.333 
* 2.18 33.0 o. 33 0.339 
® 2.50 5 3.0 o. 0.312 
® 2.86 2300 28.5 0.318 0. a2 
® 3:35 69200 31.0 0. 322 0. 300 
° 13 80500 27.0 0. 32? 0. 2 
" 1.03 24300 32.0 0.432 0.435 
* 0.70 14200 %.0 0.500 0.455 
oil 0.90 17700 28.0 0.430 05a 
* 1.07 19700 18.0 0.585 0.57 
Gas 0.55 11700 22.5 0.555 0.600 
CASE WO. 3 


Reducing furnace 4500 bbl/day capacity. Radiant surface 63 tudes 4 in. OD -, 
23 ft exposed. Projected area = 63 x 23. 483 sq ft 
; e 


Beat in preheated air included in total net heat liberated. 


Sens. heat Rad. heat 
oil liberated absorbed 
Test 1b/hr r A 1000 Btu/hr 1000 Btu/hr M M calc. 
1 1240 56 28.5 24480 8810 0. 360 0.355 
2 1045 2.16 37.7 20950 6320 0. 2 0. 310 
; 988 2.05 33.5 19735 5760 0.292 0. Me 
1238 2.56 18.5 23390 10780 0.462 0.460 
; 1 2.42 17.3 22110 10560 0.478 =O. 2 
1312.02.71 20,1 3290 10120 0.401 0.432 
7 1372s 8 295 10 0.377 0. 392 
8 vais 2.9% 4 80 0.31 0. 375 
9 9211.91 36.3 0.276 0. 333 
10 973. 2.02 3.1 1 370 0.278 0. 335 
11 72 1.56 22.4 14510 215 o. 0.472 
12 728 1.51 19.1 14970 6480 0.433 0.516 
1 813s: 1.69 26.6 16055 5825 0. 0. 
1 882 91.83 29.0 17360 6005 Me 0. 
9 1195 2.47 27.3 23520 8290 0. 33 0 
980 2.03 18.9 18620 9320 0. 0. 
17 1057 =—-2.19 22.2 19980 8980 0. 450 0.433 
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as ordinates. The diagram on Fig. 2 is drawn for good 
bituminous coal of 14,200 Btu per Ib (as fired) with 11.0 
Ib theoretical air requirement. The combustion is 
assumed with 8 per cent total losses, liberating 12,900 
Btu per lb of sensible heat; cold air (80 F) is assumed. 
Lines for different rates of firing (lb per sq ft) are drawn 
which indicate the heating effect obtained. The main 
family of lines is crossed by the lines of equal M and by 
the lines of equal final gas temperature. 

This diagram gives a fairly comprehensive picture of 
furnace conditions and it is easy to draw for any fuel or 
combustion air temperature. 

The distribution of radiant heat absorption is not uni- 
form throughout the furnace envelope. In most cases we 
are interested only in the total absorption which allows 
us to calculate the temperature of gas leaving the fur- 
nace, but the increasing use of radiant heat superheaters 
and reheaters requires a more detailed knowledge of dis- 
tribution. In this problem very much depends upon the 
size and shape of the flame. As a priori we might say 
that the lower the value of M (more heat liberated per 
square foot of radiant surface) the more uniform will be 
the distribution due to increasing reflection and reradi- 
ation. Any attempt to derive a consistent theoretical 
expression for distribution leads into such a maze of 
mathematics that the solution would be practically 
useless. A helpful approximation would be to take the 
total solid angle B of the projected radiant surfaces (S,) 
in respect to flame center and solid angle “db” of the 
area S;,, which interests us, then to calculate the total 
radiant heat absorbed H, in Btu per hr. The absorption 
H, on the selected area s, then will be a weighted average 
of that in uniform distribution and in distribution in 
proportion to solid angles. 


Hb M+ Hs, 
H= B S; 3) 
; 1+M 

The importance of solid angles is lesser when MM is low, 
in other words when the rate of firing is higher. This is 
the highest degree of refinement which appears to be 
warranted in any formula for radiant heat absorption in 
furnaces. The radiating heat properties of flames are so 
indefinite, so changing, and so poorly understood that 
any further mathematics would be illusory. 











Anthracite Conference 


The first Anthracite Conference to be held under the 
auspices of Lehigh University, Bethlehem, Pa., is 
scheduled for April 29 and 30. Its purpose is to survey 
recent engineering developments in the mining and 
utilization of anthracite and to bring engineers, educa- 
tors, members of the industry and the general public up 
to date on the rapid technological progress in Pennsyl- 
vania’s hard coal industry. It is anticipated that the 
Conference will become an annual affair. 

Eighteen papers are scheduled for presentation, the 
tentative program being as follows: 


SessIon I, Friday a.m. 
“Pennsylvania Anthracite Reserves,’’ Dr. Geo. H. Ashley, 
State Geologist of Pennsylvania 
“Inherent Characteristics of Anthracite,’’ Dr. H. J. Rose, 
Mellon Institute, Pittsburgh, Pa. 
‘‘Non-Fuel Uses of Anthracite,”’ Prof. H. G. Turner, State 
College, Pa. 
““A New Theory Concerning the Combustion of Anthracite,” 
Prof. E. S. Sinkinson, Lehigh University 
“Some Practical Considerations in Connection with Com- 
bustion,” A. J. Johnson 
SEsSION II, Friday p.m. 
“The Application of Thermostatic Controls to Various Types 
of Anthracite Equipment,”’ Arnold Michelson 
““Magazine or Self-Feeding Boilers for Coal,’”” Wm. Anderson, 
Spencer Heater Div., Lycoming Mfg. Co. 
‘Domestic Burners (or Stokers) for Anthracite,’”? P. A. Mul- 
cey, Anthracite Industries Laboratory 
‘‘An Improved Method of Hand Firing Pennsylvania Anthra- 
cite in Commercial Installations,’’ H. J. Littell 
“Air Conditioning and Refrigeration,’ Prof. B. H. Jennings 
“‘Equipment for the Use of Anthracite in Apartment Houses 
and Semi-Industrial Purposes,’”’ Wm. Stein, Combustion 
Engineering Company, Inc. 
“The Pulvetization of Anthracite for Commercial Use,” 
Martin Frisch, Foster-Wheeler Corporation 
‘‘Anthracite for Power Generation,’” H. W. Warren, Ch. Engr., 
Glen Alden Coal Company 
DINNER MEETING, Friday evening 
Speakers: Dr. A. C. Fieldner, U. S. Bureau of Mines, Wash- 
ington, D. C. Frank W. Earnest, Pres., Anthracite In- 
dustries, Inc., New York City 
SEssIOn III, Saturday a.m. 
“The Distribution of Anthracite,’ Prof. A Haring 
“Domestic Ash Handling,” E. T. Selig, Jr., Mellon Institute 
“The Use of the Degree Day Calculations in the Retail Coal 
Industry,” A. F. Duemler, Household Fuel Corporation 
“The Relation of the Type of Fuel to the Cleanliness of Com- 
munities,” W. G. Christy 
“Statistical Analysis of the Growth of Pennsylvania Anthra- 
cite,”” Prof. E. C. Bratt 





BALANCED VALVE-IN-HEAD 


provides a valve action independent of element rotation—supplies 
essure necessary for full efficiency in reaching and 
heating surfaces in present-day 


full steam 
cleaning al 
boilers. 


CHRONILLOY ELEMENTS 


made of austenitic high-temperature alloy have dem- 
onstrated longer low cost service life for Bayer Soot 
Cleaners. Write today for descriptive Bulletin No. 107 


THE BAYER COMPANY 


4067 Park Ave. 


St. Louis, Mo. 
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STEAM ENGINEERING ABROAD 


As reported in the foreign technical press 





Elements and Control of 
Velox Steam Generator 


An article by E. Klingenfuss in Die Warme of Decem- 
ber 18 discusses the present status in the development of 
the Velox steam generator. After reviewing new test 
data which show that the overall efficiency, including 
auxiliaries, remains practically constant from */, to 5/, 
load, the author describes certain construction details 
of which the steaming elements and the automatic regu- 
lation are of particular interest. 


The types of steaming elements used on the latest 
units are illustrated in Fig. 1. The elements are inter- 
changeable and are removable by loosening four holding 
bolts at the top and bottom stuffing boxes and water 
connections. The upper and lower heads are molyb- 
denum-steel castings, the tubes are of the usual boiler 
tube steel and the assembly is welded into a unit. Use 
of the different types of elements shown depends upon 
whether the unit includes a superheater; if it does ele- 
ment ¢ is employed, and if it does not either a or b types 

_are used. 


Automatic regulation of the steam generator is il- 
lustrated in Fig. 2. It accomplishes a balance between 
the instantaneous fuel and steam requirements and the 
steam is replaced with feedwater in such a way that the 
water content of the generator remains practically con- 
stant. In addition there is the regulation of the auxiliary 
power to the gas turbo-compressor in such a way that 
at all times, even for sudden load changes, sufficient air 
is supplied for complete combustion. The fuel control 
shown at B (center) responds to steam pressure, whereas 





Fig. 2—Automatic regulator for Velox steam generator 
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the feedwater control A (left) responds to the water 
level in the steam- and water-separator drum, and the 
auxiliary load control or mixture regulator C (right) 
responds to the ratio of fuel to air for combustion. All 
the controls are actuated by oil pressure. 
































Fig. 1—Different constructions of steaming elements 
a, simple element with two concentric tubes; 6, multitubular element for 
use with separate superheater; c, element with an included superheater; 4d, de- 
tails of fastening an element to the furnace-generator housing; ¢, gas inlet 
from the furnace; f, gas outlet to the collector casting; g, water inlet from the 
—- water header; A, outlet for the water-steam mixture into the upper 
eader 


For fuel control valve B, if the 
steam pressure in line / rises, the 
bellows c drops and the oil valve h 
opens allowing oil to flow from the 
oil line, thereby reducing the pres- 
sure therein and causing the piston 
4 to lower and close the fuel valve 
d; mis a fixed orifice. 

Referring to the feedwater con- 
trol A, if the water level in the 
drum falls, the bellows a sinks, 
closing the oil valve h which throt- 
tles the escape of oil from the oil 
line and thereby increases the pres- 
sure therein. This causes piston 7 
to rise and open the feed valve 5d. 
Here also, m is a fixed orifice. 

For auxiliary power control C, 
the valve in the oil pressure line 
is connected to two bellows e. The 
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POS ITIVE 
rotection 


Fig. No. 4114: Yar- 
way Forged Steel 
Water Column for 
900 lbs. pressure. 
Equipped with Yar- 
way Vertical Gage, 
Fig. No. 4178, with 
four-glass steel 
insert. 





Hundreds of leading utilities and industrial plants insist 
upon Yarway Water Columns to protect their boilers. 


Yarway’s unique Hi-Lo Alarm mechanism utilizes 
balanced solid weights that are as indestructible and 
unchanging as the metal itself. Operating on the dis- 
placementprinciple, they literally “weigh the water level.’ 


When the high or low water emergency occurs—instant, 
positive, powerful, hair-trigger action results — giving 
warning of danger by whistle, light, or both. 


Yarway Water Columns, eight standard 
models, iron bodies with screwed connections 
for pressures upto 250 Ibs., forged steel bodies 
with flanged connections for pressures up fo 
1500 Ibs., are fully described in Catalog 
WG-1805. Write for acopy and working model. 


YARNALL-WARING COMPANY 
101 Mermaid Ave. Philadelphia 


YAR WAY 


FLOATLESS HI-LO ALARM 


WATER COLUMN 











two sides of one bellows are connected to opposite sides 
of orifice f which measures the air flow. The two sides 
of the second bellows communicate with opposite sides 
of orifice g which measures the fuel flow. If air and fuel 
flow in correct proportions the bellows are in a balanced 
state. However, if more fuel is fed by control B, a 
higher pressure will appear on top of the lower bellows, 
the oil valve will be lower and throttle the escape of oil 
from the line. This will increase the pressure and cause 
the piston 7 to rise and open the throttle valve k which 
admits more steam to the auxiliary turbine connected to 
the gas turbo-compressor. Consequently, the compres- 
sor speeds up and delivers more air at a higher pressure. 
The gas turbine now supplies more power and, because 
of the higher air pressure, the upper bellows moves up- 
ward until oil valve h again finds a balanced position. 
Thus by reduction of oil pressure, the piston 4 rises and 
causes the throttle k to reduce or to cut off the auxiliary 
power. 


Small Industrial ‘“Top’’ 


One is accustomed to associate high-pressure topping 
installations with large or medium size plants, but 
Zeitschrift des Vereines deutscher Ingenieure of December 
18 describes a high-pressure extension at the Emil 
Adolff Works, Reutlingen, in which a Sulzer forced- 
circulation boiler of 40,000 Ib per hr capacity furnishes 
steam at 1400 lb to two 1200-hp reciprocating engines. 
These exhaust at a variable back pressure, ranging from 
85 to 230 lb, through an oil separator to evaporators and - 
the condensate is returned to the high-pressure boiler. 
Steam from the evaporators may be used directly for 
process, in which case the lower back pressure is em- 
ployed, or it may be used, at higher back pressure, to 
supply the two 600-hp low-pressure condensing engines, 
normally served by the old 230-lb boilers. In the latter 
case it is superheated by passing through a steam re- 
heater supplied with live steam from the high-pressure 
boiler. Under normal conditions, however, the high- 
pressure units provide all the power and process re- 
quirements of the works. 


Pipe Bends as Flow Meters 


In the March 4, 1938 issue of Engineering (London) 
Herbert Addison discusses the use of pipe bends to mea- 
sure the flow of liquids. He observes that the flow of 
water in curved passages approximates free-vortex 
motion, the product of the radius and the velocity being 
nearly constant across the section. It follows, there- 
fore, that there should be a direct relationship between 
the differential pressure head across the bend and the 
discharge flowing through the bend. Hence, if the 
differential pressure head is measured, it should be 
possible to compute the discharge. A mathematical 
analysis follows and tables of coefficients of discharge 
for both square-section and circular bends are given. 

The information here presented suggests that there is 
a promising field for the use of pipe bends to measuring 
flow with a possible error of not more than plus or minus 


April 19388—COMBUSTION 











5 per cent. It should be particularly useful for deter- 
mining relative flows. Thus, a pump user who had made 
a single differential-head reading on a bend in the de- 
livery pipe could tell at any later date whether or not 
the pump was holding its output. If one single rate of 
flow could be accurately gaged by other means, the bend 
could thereafter be used as a meter with a probable 
error of 2 or 3 per cent, whereas if three points on the 
calibration curve, spaced well apart, could be estab- 
lished, then the bend should be as reliable as a venturi 
meter. 

The author does not recommend such use of bends if 
the mean velocity in the pipe is much less than 4 ft per 
sec principally because the differential head becomes 
too small for reliable measurement and because of 
the uncertainty of the value of the coefficient of dis- 
charge. Moreover, a sharp bend in which the ratio of 
curvature radius to pipe diameter radius is less than 
2'/2 should be avoided. 


The Largest LaMont 


Steam Generator 


The first detailed description of the large LaMont 
steam generator now being installed in the Deptford 
West Station of the London Power Company appears in 
the February issue of The Fuel Economist. This unit 
of 350,000 Ib per hr rated capacity (280,000 Ib economic 
rating) is not only the largest of its type but is also the 
first LaMont forced-circulation boiler to be installed in 
a public utility power plant. It will be fired by an under- 
feed stoker and will generate steam at 375 lb pressure and 
780 F total steam temperature. Provision has been 
made, however, for increasing the final steam tempera- 
ture to 850 F, if desired, by the insertion of additional 
superheater elements between the first bank of evaporat- 
ing tubes and the primary superheater. 

The unit has a total pressure heating surface of 30,016 
sq ft, distributed as follows: Evaporative surface 6639 
sq ft, furnace walls 2421 sq ft, superheater 6456 sq ft, 
economizer 14,500 sq ft; in addition to which there are 
two air heaters of the regenerative type having a com- 
bined surface of 78,600 sq ft. The tubes are 1'/: in. 
external diameter throughout, with the wall thickness 
varying with the location and the duty, and the complex 
arrangement of the loops has been planned to equalize 
functional resistance and attain even distribution of the 
water flowing through them. The total length of tubing 
exceeds 17 miles. 

The combustion chamber is completely water cooled, 
without any blocks or refractory material except local 
to the sides of the stoker where abrasion strips are welded 
on to the tubes. 

Three circulating pumps, each of 100 per cent capacity, 
are provided, two being for standby service. One pump 
is driven by a steam turbine and two are motor-driven. 

In addition to the two induced- and two forced-draft 
fans there are two secondary air fans, with provision to 
admit this air at both the front and the back of the com- 
bustion chamber. 

The unit is provided with a dry drum in addition to 
the main steam drum. 
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The world’s largest user of valves asked us if we 
could make a blow-off valve that would go longer be- 
tween repairs and still be simple in design. 


We didn’t know whether we could or not. For most 
blow-off valve designs are so complicated they make 
Rube Goldberg green with envy. 


Our engineers tried and tried . . . pulled out what 
little hair they had left. Finally they hit on an idea that 
seemed too simple to be good. A “Blo-Deflector’’, or 
protecting lip, made of superhard metals that straight- 
arms wear like a halfback does a tackler. 


Dozens of times a day, this big valve user blew 
down their high-pressure test boiler and shot stinging 
blasts of steam and water through our valve. After 
six long months, this new Hancock Valve was removed 
for inspection. Well, you could have knocked us over 
with a feather. That confounded valve showed no signs 
of wear at all. 


“If it's that good, why don’t you put the “Blo-De- 
flector’ feature in all your blow-off valves?” asked this 
customer. And so we have. 


Here’s how it works and why you're through re- 
pairing blow-off valves the,day you install these new 
Hancocks. 





Hancock “Blo-Deflec- As, valve,opens, water Valve open. Shut-off 
tor” Valve closed. hits protecting lip surfaces unaffected 
Boiler pressure up- and washes harm- by flow. “Blo-Deflec- 
wards under disc. lessly across seat. tor” outsmarts wear. 


A new bulletin tells the complete story. Send your 
name on the margin of this page and we'll shoot you 
a copy. Address: Hancock Valve Division, Manning, 
Maxwell & Moore. Inc., Bridgeport. Connecticut. 


HANCOCK VALVES 
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Shut-off of Danger 
ro fake Ml > 4el-Tah-t= 


with Reliance 


Forged Steel Water Gage Valves 


When you're using your skill to make every 
corner of your power plant safe, to avoid costly 
breakdowns and repairs, it pays you to have the 
help of precision-made Reliance Forged Steel 
Water Gage Valves. 

Especially with dangerous high-pressure high- 
temperature steam, you appreciate the assurance 
of rugged strength in drop forged steel bodies, 
all other metal parts of selected or stainless steel, 
and highest quality gaskets and packing. 


With triple thread stainless steel stems for quick 
closing in emergencies, long-wearing seats of stain- 
less steel, easily reversible, renewable and regrind- 
able for economical maintenance—every part per- 
fected through Reliance’s 54 years of boiler acces- 
sory manufacturing to assure tightness and trouble- 
free operation on pressures up to 2000 pounds. 


Join the modern trend to safe, 
low upkeep forged steel equip- 
ment; join the thousands of en- 
gineers who have boosted their 
reputations by the effi- 
ciency of forged steel 
Reliance Water Gage 
Valves and Boiler 
Alarms — Micasight 
and Prismatic water 
gage inserts. Write 
today for our newest 
bulletins and prices. 








Reliance high 
pressure water 
gage valves are 
made in vertical 
or Tiltview pat- 
terns. 


Reliance 


Boiler Safety Alarms and Liquid Level 
Indicators for 54 Years 





The Reliance Gauge Column Company 


5902 Carnegie Avenue Cleveland, Ohio 
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Business Notes 


Edwin W. Nick, president of the Northern Equip- 
ment Company, has been named a member of the Na- 
tional Cooperation Committee which is engaged in 
formulating a program of greater cooperation between 
industry, the President and Congress. 


Pittsburgh Piping and Equipment Company announces 
the appointment of G. Sinding-Larsen as chief engineer. 


The National Aluminate Corporation, Chicago, an- 
nounces the appointment of W. O. Widener as exclusive 
representative in the southeastern states, including 
Virginia, Florida, most of North Carolina, South Caro- 
lina and eastern Georgia. 


Jones & Laughlin Steel Corporation, Pittsburgh, has 
appointed three assistant general managers of sales, 
namely, R. T. Rowles, who will supervise the general 
activities of the hot-rolled, cold-finished, wire products 
and warehouse sales departments; W. H. Wiewel, who 
will supervise by-products, pig iron, sheets and strip 
and tubular sales departments; and H. J. Watt, who 
will have charge of sales in New York City and the 
East, including a new district sales office in Baltimore. 


N. B. Ornitz has been appointed president of the 
Power Piping Division of the Blaw-Knox Company, 
and W. N. Quartz vice president in charge of operations 
of that division. 


W. H. & L. D. Betz, consulting chemical engineers, 
of Philadelphia, announce the appointment of J. J. 
McGuire as assistant technical director, and George 
Bernauer and William Gunmere as members of their 
Technical Staff. Mr. Bernauer will give attention to 
the sewage and waste disposal field and Mr. Gunmere 
will do special service and plant study work. 


The Eagle-Picher Sales Company, Cincinnati, has 
appointed the following as distributors for the Eagle- 
Picher line of insulating materials: Automatic Coal 
Burner Company, Beckley, W. Va.; Bemis Refrac- 
tories Service Company, Springfield, Mass.; The Cor- 
bett-Wallace Corporation, Houston, Texas; Joseph A. 
Coy Company, Tulsa, Okla.; The G. M. Hardware 
Company, Beaumont, Texas; H. R. Kelly Company, 
Inc., Brooklyn, N. Y.; Fred H. McGee, Chattanooga, 
Tenn.; McLean-Peterson Company, Cincinnati, Ohio; 
United Brick & Tile Company, Oklahoma City, Okla.; 
United Engineering & Equipment Company, Nash- 
ville, Tenn. 


Manning, Maxwell & Moore, Inc. is waging a fight 
against the recession by increasing its general sales 
force through the addition of nine new field salesmen to 
strengthen existing territories and to cover new ter- 
ritories with headquarters in Charlotte, N. C., Jackson- 
ville, Fla., New Orleans, La., Minneapolis, Minn. and 
Columbus, O. Two new district sales managers are 
also announced as a part of this sales force expansion. 
They are R. W. Neel, in Atlanta, and Malcolm Black 
in Tulsa, Okla. 
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NEW EQUIPMENT 





CO, Analyzer 


The new Pocket CO, Indicator, made by 
the F. W. Dwyer Manufacturing Com- 
pany, Chicago, constitutes a departure in 
the instrument field. Complete with 
carrying case and all accessories, it weighs 
less than three pounds. It will be a 





valuable addition to any boiler room for 
direct testing of furnace adjustments, and 
for checking CO, recorders for accuracy. 

Operation of the indicator is simple, 
tests being made while it is held in the 
hand or in the clip provided in the carry- 
ing case. The gas sample is pumped in 
by a dozen strokes of the aspirator bulb 
while a plunger is held down. The read- 
ing is then taken from the mercury column 
after the absorbing unit has been raised 
and lowered. 

The body of the instrument is made 
from a new product of the plastics in- 
dustry which is clear and colorless, and 
unaffected by the caustic solution used. 
This is not a molded product, but cut from 
a solid block with all the bores drilled and 
reamed to size. There is an entire ab- 
sence of glass. Despite its small size the 
analyzer is claimed to be very accurate. 


Draft Control 


A device known as a Sequence Furnace- 
Draft Control has been developed by The 
Hays Corporation, Michigan City, Ind. 
The primary purpose of this control is to 
prevent the annoying ‘‘blow-back”’ that 
occurs at the ignition period in the ‘‘on- 
and-off” type of oil and gas burners and 
stokers. The control is electrically oper- 
ated and is precisely timed so as to open 
the uptake damper wide an instant before 
the burner or stoker comes on. In this 
way no pressure is built up in the combus- 
tion chamber and the ignition is ac- 
complished without the usual puff. 

Immediately following the establishing 
of proper combustion the damper is 
closed to the position required to maintain 
good combustion and from that point on 
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the regular draft control maintains the 
proper draft. 

The advantages of such an instrument 
can readily be seen. Without such a con- 
trol the draft is generally higher than re- 
quired during the “off” period of the 
stoker-fired boiler, even though it may be 
near normal during the ‘‘on”’ period. In- 
efficient combustion results, with conse- 
quent fuel losses. The fuel bed is often 
burned out during the ‘‘off’”’ period which 
follows. The Sequence Draft Control 
eliminates these losses automatically, by 
properly regulating the combustion cham- 
ber draft to a low and efficient value during 
the ‘‘off’’ as well as the ‘‘on”’ periods. 


Stop Valves 

Clees Valve & Engineering Company, 
New York, N. Y., has brought out a new 
line of stop valves for high-pressure ser- 
vice. These valves are made from a single 
block of forged steel in sizes from 2'/; to 
8 in., and for pressures up to 2500 Ib per sq 
in. They can be fur- 
nished with flanged 
ends or with ends pre- 
pared for any type of 
welding. They are 
also made in both 
angle and offset types . 
and are produced in 
conformity with A. S., 
M. E. specifications. 

An unusual feature 
of the offset valve, 
which is of the unidi- 
rectional type, is that 
its pressure drop ap- 
proaches that of a 
gate valve and is considerably less than the 
drop in other types. A special internal 
bypass is provided, which is a desirable 
feature for the larger valves when used in 
high-pressure service. 

The bodies, flanges and bonnets are all 
hammer forged from chrome-molybdenum 
steel, all seats are stellite-faced, bolting is 
of class ‘“‘C’”’ A. S. T. M. steel and the trim 
is of stainless steel. 


Nalco Blinker 

The Nalco Blinker recently brought out 
by National Aluminate Corporation, 
Chicago, is an instrument which acts as a 
continuous indicator of correct solids con- 
tent in condensate, steam, feed or boiler 
water, and for checking the quantity of 
dissolved solids in any water containing 
from 1 ppm to 700 gr per gal (12,000 ppm 
approximately). 

The most popular use of the Blinker is to 
continuously check the solids in the main 
steam header and thus insure pure steam 
at alltimes. This is done by taking a con- 
tinuous sample of steam through a cooling 
coil and reducing to a temperature below 
100 F. The condensed steam is then 
passed through an electrode connected by 
wires to the Blinker which may be in any 
convenient location. 

If the Blinker is connected to a con- 
tinuous blowdown line, the instrument can 





be adjusted so that one light glows for too 
high concentrations and the other for too 
low. Thus the boiler water solids can be 
maintained within certain definite limits. 
The Blinker can indicate solids from only 
one stationary electrode. If it is desired 
to have a continuous indication of solids 
from more than one point, then a Blinker 
instrument is required for each. Several 
stationary electrodes may be installed and 
connected to a ring switch. Solids are 
then determined periodically by cutting in 
various electrodes. 

The Blinker instrument measures con- 
ductivity which is affected by temperature 
and difference in type of solids. Tempera- 
ture is automatically taken care of by a 
fixed scale behind the rotating dial. No 
calculating is mecessary since solids are 
read direct. Difference in conductivity, 
such as caused by an unusually high per- 
centage of sodium chloride or hydrate is 
compensated for by electrode adjustments 
and the sensitivity of the lights to changes 
of solids is regulated. 


Liquid Level Gage for Marine Boilers 

A modified form of the well-known Mc- 
Neill liquid level gage, as used extensively 
in stationary practice, has been developed 
by the T. W. McNeill Engineering Equip- 
ment Company, Chicago, for application 
to marine boilers which are subjected to 
the rolling of the ship. By a special con- 
struction of the mercury element tilting in 
any direction does not affect the reading of 
the instrument. Also, the comparatively 
large mercury chamber necessary for direct 
reading is reduced at each extreme so that 
an undue overbalance of the two connect- 
ing columns forces the mercury into these 
small passages and thus maintains the 
relative positions of the liquid. By this 
means, when the true balance is restored, 
the gage continues to function without the 
necessity of readjustment. 


Pitot Tube 
Ellison Draft Gage Company, Chicago, 
has brought out a new straight-stem pitot 
tube for use in thick wall ducts where the 
conventional angle type cannot be used. 
This is shown in the accompanying sketch. 
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The outer tube is °/;, in. outside diameter, 
the flow end of which is machined at an 
angle of 59 deg, transmitting a true static 
pressure through the !/;-in. inner tube. 
By means of a conical tip, facing the flow, 
a true impact pressure is transmitted 
through the outer tube. 
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DO YOU SEEK 


GREATER 
Structural Strength 
Heat Resistance 
Eeonomy 
in Refractory Construction? 


Then you'll want a copy of the new bul- 
letin on R & I Moldit Refractory Cements. 


It tells how you can increase the life of 
boiler refractory monolithic sections: lin- 
ing doors, horizontal, oblique or vertical 
baffles, burner openings and tile, soot 
chambers, ash hoppers, header tile, etc., 
by the use of air-setting Moldit Castable 
Cements. Here’s brass tacks information 
that may lead to the economies hundreds 
of others have long since realized. 


Fill Out and 
Mail This 


REFRACTORY & INSULATION CORP. 


381 Fourth Ave. New York, N. Y. 
Send me Bulletin on ‘‘Moldit’’ Cements 
























Continued from page 26 





Maintaining Standby Pumps in Readiness 


It is desirable to keep the standby pump always heated 
approximately to the normal operating temperature to 
permit its instant use in case of emergency. A small 
1/,-in. line connected from the discharge on the pump side 
of the check valve back to a point of lower pressure than 
the suction will insure a slow flow through the pump when 
idle. If the suction pressure is excessively high, the 
suction valve should be closed and a small bypass line 
installed around the suction valve. An orifice nipple of 
suitable size should be installed in the bypass line to 
break down the pressure and control the flow to the 
required minimum. If a pressure breakdown device is 
used ahead of the packing, it is essential to prevent high 
pressure drop across this during idle periods, as the parts 
will wear just as rapidJy while the pump is idle as though 
it were in operation. The closed suction valve and by- 
pass are an excellent way to insure minimum pressure 
drop across these parts. If the suction valve is left 
open, a valve should be installed in the bleed-off line 
from the stuffing boxes and this valve kept closed during 
idle periods. The valve must be opened before the pump 
is placed in service to insure sufficient fluid flow across 
the pressure break-down device to prevent over-ex- 
pansion of the rotating parts causing metallic contact 
and sudden wear or possibly destruction. 


Feedwater Treatment Important 


At the time the pump is purchased, the question of 
the type of feedwater treatment and its relation to 
materials should be thoroughly investigated. Where 
the pH value of the water will be definitely maintained 
above 8.0, pumps should be made of all-ferrous mate- 
rials, as bronze is subject to caustic corrosion in the higher 
pH ranges. It is also highly desirable to protect the 
pre-boiler equipment by the feedwater treatment. 
Once the plant is in operation, a definite setup should be 
made to keep the pH of the water the same, within 
reasonable limits. Proper mechanical deaeration ahead 
of the feed pumps and after the condenser is usually 
satisfactory, but many plants are removing the last 
trace of oxygen by the addition of sodium sulphite. 
Provided the oxygen content is kept to a trace or less 
and the pH at the same value, within reasonable limits, 
no difficulty should be experienced from corrosion pro- 
vided the proper materials were initially selected for a 
feedwater of the same pH value with which the pumps 
are being operated. 

Most pump manufacturers engaged in building high- 
pressure boiler feed pumps have a large amount of ex- 
perience gained from other installations and it will be 
to the purchaser’s benefit in all cases to consult with the 
selected manufacturer as to heater locations, pipe sizes, 
piping methods, proposed operating methods, etc. The 
suction pressure or effective suction head should be 
carefully discussed with the pump manufacturer before 
the final plant layout and flow diagram are definitely 
settled. This is a most important point affecting pump 
design and operation and should be accurately and 
carefully studied in co-operation with the pump manu- 
facturer. This is no place for the station design en- 
gineers to arbitrarily decide upon a “factor of safety’’ 
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and tell the manufacturer the effective head will only be 


about half that actually known to exist. The detail 
piping and layout drawings involving pumping equip- 
ment should be given the pump manufacturer for his 
comments as they pertain to the pumps. The manu- 
facturer, in turn, should make a point of supplying 
each operator with detailed instructions regarding the 
pumps. The operators should understand the general 
features of design and construction so that they may 
more intelligently understand their job of operation. 
When the pumps are first placed in service, it is excellent 
insurance to have a competent service engineer on hand 
from the pump manufacturer to supervise and instruct 
the plant operators. Usually two to three weeks will 
suffice for this period of instruction. 


Maintenance Reflects Operating Skill 





The maintenance on high-pressure pumps reflects 
quite accurately the operating skill. Assuming sound 
basic design and manufacture, high maintenance costs 
immediately indicate poor or unskilled operation. Here 
again the pump manufacturer can draw on experiences 
with similar equipment in other plants and very often 
will be able to point out effective remedies which will | 
decrease maintenance costs amazingly. If a pump is | 


| 


satisfactorily doing the job it is intended to do, it should | 
not be arbitrarily opened for a scheduled inspection. | 
There are simple ways of determining by outside pressure | 
and flow measurements the approximate internal con- | 
dition of the pump; and if these indicate the pump is in | 
reasonably good condition, it is always unwise to dis- | 
mantle it. However, once the pump is dismantled, 
it is equally good economy to renew any renewable wear- 
ing part which shows any sign of wear. It costs an 
appreciable amount to dismantle and assemble a high- 
pressure pump and a thorough repair job should be 
made once it has been decided to spend this money. 
The first time, at least, that the pump is dismantled, a 
service engineer from the manufacturer should be em- | 
ployed to supervise the repair work. There are many 
practical kinks in building pumps which can only be 
demonstrated by a skilled man and which may very 
easily be unknown to maintenance men who tackle 
such a job only once every few years. 

And, thus, the third leg of our foundation of a success- 
ful boiler feed pump installation has been covered. 
Essentially, it consists of whole-hearted co-operation 
between the purchaser and pump manufacturer and each 
should attempt a full understanding of their mutual 
problems. A good deal of care and thought on the 
education of new operators will repay itself over and 
over again and assure the operating supervisors a full | 
night’s sleep—in so far as pumps are concerned. 








Smoke Prevention Association 


May 17 to 20, inclusive, are the dates set for the 32nd 
Annual Convention of the Smoke Prevention Associa- 
tion at Nashville, Tenn. Headquarters will be at the 
Andrew Jackson Hotel. In addition to the technical 
sessions there will be an exhibit of stokers, heating 
boilers and smoke indicating devices, as well as an 
educational exhibit featuring various devices used in 
the abatement of smoke and air pollution, including a 
display by the U. S. Bureau of Mines. 
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TURE OF EAGLE SUPER "66 
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RETAINS DEAD AIR CELLS 
INCREASES THERMAL EFFICIENCY 


GIVES GREATER COVERAGE 




















@ The tiny mineral wool pellets 


composed do not tend to col- 
lapse when this plastic product 
is mixed with water. Pellets are 
resilient —they retain their 
thousands of dead air spaces. 
‘“Springy ball” structure gives 
Eagle Super “66” high efficiency 
—coverage of 65 sq. ft. 1-inch 
thick per 100 lbs.— minimum 
shrinkage. Used for tempera- 
tures as high as 1800° F. Write 
today for free samples. 






Super "66" ene — 


HERE’S PROOF! These photomicrographs compare the 
structure of three well-known plastic insulations. The y 
dark areas in Eagle Super “66” are springy balls of porous 
mineral wool. Note absence of wool nodules in Insulations 
“A” and “B"—their dense, hard structure prevents high 
insulating efficiency. 


FOR FURTHER 
INFORMATION 














THE EAGLE-PICHER LEAD COMPANY 
CINCINNATI, OHIO 


NEW CATALOGS 
AND BULLETINS 


Any of the publications will be sent on request. 








Blow-Off Valve 


A bulletin describing for the first time 
the new Hancock blow-off valve with the 
unique “blo-deflector” protecting lip has 
recently been issued by the Hancock 
Valve Division of Manning, Maxwell and 
Moore, Inc. bad 


Combustion 


The Hays Corporation has recently 
issued three new publications—one de- 
scribing its line of draft gages for indicating 
and recording drafts, pressures, differ- 
entials and temperatures; the second, 
combustion meters; and the third, dis- 
cusses excess air. The draft-gage bul- 
letin relates the history of the slack leather 
diaphragm together with its present fea- 
tures and applications. The combus- 
tion meter bulletin discusses in a very 
simple yet comprehensive way the rela- 
tionship of CO, to combustion efficiency 
and describes in detail the Hays com- 
bustion meter which operates on the Or- 
sat principle and uses water as the sole 
operating power. The bulletin on ex- 
cess air should be of particular interest to 
operators of the ‘‘on-and-off’’ type of 
stoker and oil burner, such as is found in 
apartment house installations. 


Direct-Connected 
Compressors 


Electric-driven direct-connected com- 
pressors in sizes from 200 to 3000 hp as 
built by Ingersoll-Rand Company are 
featured in a 56-page catalog, No. 3426, 
just issued by that company. These 
machines utilize the constant-speed syn- 
chronous motor which is efficient at com- 
pressor speeds and also valuable in cor- 
recting a lagging power factor. The 
automatic five-step clearance control 
method of regulation, which cushions the 
inertia of reciprocating parts, is employed. 
The catalog is profusely illustrated and in- 
corporates a two-page chart devoted to 
the interrelation of the compressor design 
and its operation in service. 


Feedwater Control 


The Copes ‘‘Flowmatic’”’ regulator is 
described in an 8-page bulletin issued by 
the Northern Equipment Company. 
This is a two-element steam-flow type of 
automatic boiler feedwater regulator de- 
signed especially to handle rapid and wide 
load fluctuations. It is applied with 
either a direct-operated valve or with an 
hydraulic-operated valve which is par- 
ticularly suitable for steam pressures 
exceeding 600 lb and for large flow through 
the control valve. Specifications are in- 
cluded. 
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Filters 


Vertical and horizontal pressure filters 
for clarifying water are described in Bul- 
letin 2760 recently issued by the Cochrane 
Corporation. These filters are available 
in either the strainer type or fitted with a 
single control valve. They are con- 
structed for standard working pressures of 
65, 100 and 125 lb per sqin. Their con- 
struction and operation are explained in 
detail and specification tables are in- 
cluded. 


Hastelloy Alloys 


A new 36-page booklet, ‘‘Hastelloy— 
High-Strength Alloys for Corrosion Re- 
sistance,” has just been published by 
Haynes Stellite Company and presents 
complete information on the four Hastel- 
loy alloys. Points covered in detail in 
this publication are chemical and physical 
properties, available forms, methods of 
fabrication, machining and welding, and 
typical successful applications. Pene- 
tration rates are tabulated for a number 
of the highly corrosive acids. Informa- 
tion concerning physical and mechanical 
properties and the available forms in 
which the materials are furnished will 
enable the designer to make all necessary 
calculations. 


Pulverized Fuel Sampler 


Bulletin No. P-1, issued by The Thor- 
sten Sampler Company, describes a de- 
vice designed to secure a sample of the 
coal as carried from the mill to the burner, 
containing the same proportional amount 
of coarse and fine material as in the con- 
veying duct. It consists of a sampling 
spoon which revolves around the center- 
line of the fuel pipe and is supported on a 
hollow stand bolted to a base on the pipe. 
The stand contains the driving mecha- 
nism. On the flow face of the sampling 
spoon is a radial slot with sharp edges 
divided into two or more openings leading 
to compartments in the spoon; these 
terminate in a plenum chamber which com- 
municates with the hollow stand and, 
through a shut-off valve, with the sample 
bag. The sampler can be used for any 
material, other than coal, that can be 
transported through a circular duct by the 
pneumatic method. 


Pumps 


The new East Park Pumping Station 
of the City of Philadelphia is described 
and illustrated in a leaflet distributed 
by the De Laval Steam Turbine Co., 
builders of the pumping equipment. This 
new station is located alongside a 48-in. 
cast-iron main feeding into the main sec- 





tion of Philadelphia and was designed to 
improve the conditions in the large down- 
town or central section of the city, to 
supply the excess demand of South Phila- 
delphia in extremely hot periods, and to 
act as a standby to supply the West 
Philadelphia area in case of trouble at the 
Belmont Pumping Station. The three 
pumping units are driven by synchronous 
motors and are each designed to deliver 
25 million gallons per day against 149 ft 
head, or 20 million gallons per day against 
170 ft head. Actual test after installa- 
tion showed an efficiency from wire to 
water exceeding 85 per cent, and one of 
the pumps, delivering at the rate of 25.01 
mgd from 13.4-ft suction head to 157.9-ft 
discharge head, showed 90.8 per cent pump 
efficiency. 


Regulators 


Publication 34-9-3 is a condensed cata- 
log issued by the Spence Engineering Com- 
pany, Inc., including, among a long list 
of products, back-pressure valves, baro- 
metric regulators, combustion controlregu- 
lators, differential pressure regulators, 
desuperheaters, excess-pressure pump 
governors, fan-engine regulators, fuel-oil 
pump variable-pressure governors, strain- 
ers, control for heating systems, etc. 
Tables of dimensions and descriptive in- 
formation are included, as well as engi- 
neering data in the form of charts and 
curves. 


Steam Traps 


A 12-page bulletin, T-1733, just issued 
by Yarnall-Waring Company, describes 
the Yarway Impulse Steam Trap. Con- 
struction details are fully illustrated and 
described and its applications discussed. 
A convenient abbreviated table of thermo- 
dynamic properties of saturated steam is 
included and trap specifications covering 
capacities, weights, dimensions and prices 
are given. 


Water-Vapor Refrigeration 


The development, perfection and ad- 
vantages of the centrifugal type of water- 
vapor refrigeration as well as typical in- 
stallations are presented in a new 32-page 
booklet issued by Ingersoll-Rand. Using 
water as the only refrigerant, these units 
represent the latest development in cool- 
ing water for air conditioning and a va- 
riety of applications in industrial and 
chemical plants. The units can be 
driven by electric motor or steam turbine 
to economically meet any condition. 
Standard dimensions, as well as illustra- 
tions of diversified typical applications, 
are shown in the bulletin. 


Wrought Iron 


One hundred and one uses for wrought 
iron are discussed and fully illustrated in a 
32-page booklet issued by A. M. Byers 
Company. While these uses cover a 
very wide field there are a number appli- 
cable to the power plant. 
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EQUIPMENT SALES 


Boiler, Stoker, Pulverized Fuel 


as reported by equipment manufacturers of the 
Department of Commerce, Bureau of the Census 





Boiler Sales 
1938 1937 1938 1937 
Water Tube Water Tube Fire Tube Fire Tube 
No. SqFt No. Sq Ft No. SqFt No. Sq Ft 

















2. ae kheune 52 201,151 52 256,368 35 42,752 65 84,889 
Eiuvcces: @ aa & 198,957 45 55,173 74 89,133 
Jan. to Feb. In- 
clusive..... 100 386,408 103 455,325 80 97,925 139 174,022 
1937—12 mos. 861 4,058,481 941 1,178,805 
Mechanical Stoker* Sales 
1938 1937 1938 1937 
Water Tube Water Tube Fire Tube Fire Tube 
No. Hp No. Hp No. Hp No. Hp 
72. cocccseeeee 28 9,484 63 25,378 76 10,9001 140 21,636 
sa 6 ese 8 awa 34 12,002 45 16,591 75 12,166 120 20,650 
Jan. to Feb. In- 
clusive........ 62 21,486 107f 41,719t 151 23,157 261t 42,436f 
1937—12 mos... 659 262,834 2,628 361,346 
* Capacity over 300 Ib of coal per hour 
t Corrected 
Pulverizer Sales 
1938 1937 1938 1937 
Water Tube Water Tube Fire Tube Fire Tube 
ap. Cap. Cap. Cap. 
No. Lb No. Lb No. Lb No. Lb 
N.t E.t Coal/Hr N.tE.tCoal/HrN.tE. tCoal/Hr N.tE.{Coal/Hr 
an.......... 5 — 40,500 35 7 554,900 1— 1,000 -— 2 1,700 
Miicensecese © § Owe S&S € 68,300 — 1 800 — 4 3,600 
Jan. to Feb. In- 
clusive..... 12 1 78,520 37 13 623,200 11 1,800 — 6 5,300 
1937—12 mos. 214 65 2,924,590 3 10 11,900 
t N—New boilers E—Existing boilers. 





LONG RANGE SLIDE COMPARATOR 


Consists of a complete Slide Comparator; any 2-7 
additional color standard slides; vials of indicator 
solution; pipettes; test tubes; all contained in 
wooden carrying case. 

For complete pH control of boiler water, the Model 
T-4, containing the indicators phenol red (6.8-8.4), 
meta cresol purple (7.6-9.2) phthalein red (8.6-10.2) 
and acyl red (10.0-11.6) are required. 

All color standards guaranteed for 5 years. 
Model T-4 complete, $47.50 
Phosphate Slide agate for phosphate control, $17.50 
Combination T-4 and phosphate set, $57.15 


Modern pH and Chlorine Control 


A 65-page handbook containing a simple explanation of pH 
control, its —_ application to numerous problems, de- 
scriptions of our equipment for colorimetric pH, chlorine and 
phosphate control, also catalog describing the Coleman 
Glass Electrode, sent free on request. 


W. A. TAYLOR & CO., INC. 
883 Linden Ave. Baltimore, Md. 
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... are readily meeting high tempera- 
ture conditions without makeshift in 
design, material or parts. The sound 
and proven principles of the Vulcan 
valve operating head, bearings and 
elements guarantee operating econo- 
mies which make both the annoyance 
and cost of frequent servicing un- 


necessary. 


VULCAN 


SOOT BLOWER CORPORATION 
DUBOIS, PENNSYLVANIA 














Compound Steam Traps for 





@ Standard sizes for loads up to 240,000 
lbs. per hr. continuous flow at 600-lbs. 
maximum pressure. Higher pressure 
or larger capacity built on order. 
® Simple, compact, fool-proof con- 
struction. No springs, floats, or delicate 
mechanism. Only three moving parts. 
@ All the advantages of genuine Arm- 
strong Inverted Bucket Design: ick 
opening and closing . . . no wire w- 
eee seuelpdabiiie - . . self- 
scrubbing. 
@ Ideal for draining large steam puri- 
fiers, separators, flash tanks, continu- 
ous blow-down systems, de-super- 
heaters, evaporators, etc. 


Write for specification sheets. 


ARMSTRONG MACHINE WORKS 
814 Maple Street 


Three Rivers, Mich. 
51 
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TRANSPORTATION BUILDING: CINCINNATI OHIO 








ERNST WATER COLUMN 8 GAGE £0. a‘ 
aa LIVINGSTON, N. J., U. S. A. , hi ae 







High Pressure 
GAGE GLASS 


casxers SPCC ¢ ERNST # 
“SPLIT-GLAND” 


“Hil 1 WATER GAGES WILL FIT ANY TYPE OF WATER \ * 
nT st Al COLUMN OR BOILER FOR ALL PRESSURES 


SIMPLE AND EASY TO 
INSTALL A GAGE GLASS 
NO WRENCHES OR TOOLS REQUIRED 


Midwestern Manager, J. J. Russo, ¢/o International Amphitheatre, Chicago, Ill. 
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